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LT HE Elements of Eucld, with feleé& Theorems out of 

* Archimedes. By the Learned Andrew Tacquet. To 
which are added, Praétical Corollaries, fhewing the Ufes 
of many. of the Propofitions. . The whole abridg’d, and. 
án tliis Third Edition publithd in Eng... 5-0. 


If. Aftronomical Le&ures read in the Publick Schools 
at Cambridge. Whereunto is added, a Colle&ion of 
Aftronomical Tables; being thofe of Mr. Flamffezd, «cor- 
reed; Dr. Halley; Montieur Caffinz; and Mr. Street. 
For the Ufe of Young Students in the Univerfity. And 
now done into Exgli/h. ; 


III, An’ Account of ‘a Surprizing Meteor {een in the 
Air, March the 16th, 1742. at Night. ‘Containing , 
1. A Defcription of this Meteor, from the Author's own 
Obfervations. 2. Some Hiftorical Accounts of the like 
Meteors before} with Extracts from fuch/Lettersand Ac- - 
counts of this, as the Author has receiv'd. 3. The prin-- 
cipal Phenomena of this Meteor. 4. Conje&ures for 
their Solution. 5. Reafons why our Solutions are fo im: 
perfe&. 6. Inferences and Obfervations from, the-Pre- 
"mifes/! The Second Edition, | — -—— (ow 45v 


IV. An Humble and Serious Addrefs to the Princes and 
States of Exrope, to Admit, or atleaft openly to Tolerate 
the Chriftian Religion in their Dominions. Containing 
1.A Demonftration, that non¢of them do, properly fpeak~» 
ing, Admit or openly Tolerate the Chriftian Religion ins 
their Dominions at this Day. 2. The true Occafions, 
— why it is not Admitted or openly Tolerated by them. 
3. Some Reafons, why they ought to Admit, or at leaft 
openly Tolerate this Religion. 4. An earneft Addrefs to 
the fevera] European Princes and States, grounded on the 
Premifes, for the Admiffion, or at leaft the open Tolera- 
tion of the fame Chriftian Religion in their Dominions. 
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F T ER Haifa "on" the Mat- 
ters of pure Aftronomy, we pro- 
| ceed unto the other, Part cf our 
| Work, the Philofophy of the Fa- 
| mous ‘Sit Ifaac Newton. For weare 

: ! purposd to trace the Steps of thae 
Great id and to fet forth ‘his principal and 
- moft noble Philofophical ‘Inventions in a more 
ealy Method; that fo we may bring that(as I may 
fay ) Divine Philofophy ‘within the Reach and 
Comprehenfion of thofe, who are but indifferent- 
dy perhaps exercisd' in the’ Mathemáticks; and 
communicate the Knowledge. thereof' as far as 


may be’ "Bat fince chat it is neceffary for arly one. 


_ that ‘would “andertake chis Philofophy, that be- 
fides fome Knowledge of Geometry, Arithmetic, 
and-A ftrononiy;: he “{hould alfo be furnifh'd with 
ES Knowledee of the' trie Laws of Motions ; 
and éífpecially fhould underftand fomething ofthe 

aturé and Properties of thofe Curve Lines, 


which ave called the Conic’ Sécions'; the: Nature 


Of osr'Pürpofo, which; as' was faid, was to di- 


red ego felyes- ‘chiefly ‘to: Mathematicians of -the’ 
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lower Form, and who only underftand the firft 
Elements of Geometry and Aftronomy; there- 
fore ^tis requir'd of us, that we fhould in the Be- 
ginning touch upon, and in fome meafure expli- 
cate , as well the Conic Se&ions, as the of late 
demonítrated Laws of Motion; that no one 
through his being ignorant of thefe Things, may 
lofe his Labour in his Study of that Philofophy 
which we have now in hand. For indeed, as to 
the firft Laws of Motions and Collifions, Des Car- 
tes was fo miferably miftaken about them, when 
he went about to eftablifh chem, and hath fo bold- 
ly impos upon the World falfe Rules concern- 
ing Collifion and Reflection of Bodies, that it is 
worth the while to endeavour to root out of the 
Minds of Men the Prejudices which have fprung 
from thence. | TET 

We fhall therefore begin with the Conic Se&i- 
ons; and before we go about any thing elfe, give 
fome Knowledge and Underftanding of thofe 
Lines which are interwoven with all the Philo- 
fophy of the Famous Newton, who fhews that all 
the Paths, whether of the Planets or Comets of 
our Syftem, are according to fome or other of the 
faid Sections. But we fhall not fpend. fo much 
Time about this Matter, as to deliver the Conic 
Elements in any other than a fummary Way, or 
otherwife than by bringing into View out of the 
Writers of Conics, and efpecially the Famous De 
La Hire, the Natures, and chief Properties, and 
Affe&ions of thefe Curve Lines without their 
Demonttrations, affuming them for demonftrated. 
And forafmuch as although the faid Lines may be. 
fet forth by mere Delineations in a Plane, as will 
be done afterwards ; yet che Geometricians, as 
well the Moderns as thofe of old, have for the. 
moft part expounded them by the Se&ions of a. 
| : cu Cone ; 
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Cone; and becaufe alfo .thefe Curves can in no 
other Way be fhew'd all together, and at once, 
and confequently, the mutual Relation and Cog- 
nation which is betwixt them, cannot in any 
other way of explicating them be fo clearly made 
known: For thefe Reafons, I fhall, in the firft 
place, open the Natures of thefe Lines, and fet 
‘them forth by the Sections of a Cone, propofing 
to explicate them by Delineations on a Plane af- 
terwards. ' 
. If you take any immoveable Point without 2 
Plane in which a Circle is defcrib’d, and imagine 
a right Line drawn through that Point, and pro- 
duced infinitely both ways, to be mov'd about the 
Circumference of the Gircle, the Superficies 
which will arife from this Motion, is called a Co- 
nical Surface; and the Surfaces on both Sides the 
immoveable Point taken conjundly, are termed 
Surfaces vertically oppofite : The immoveable 
Point, common to both, is nam'd the Vertex; the 
Circle, the Bafe; and the Solid comprehended un- . 
der the Conical Surface and the Bafe, and which 
may be fuppos'd to be infinitely produc’d, iscalled. 
a Cone; to which Solid, that generated beyond \ 
the Vertex is both equal and like. The Right 
Line, which is. drawn from the Vertex to the 
Center of the Circle which is the Bafe, is the 
Axis of the Cone: Which Right Line, if it be 
perpendicular to the Plane of the Bafe, the Cone 
as called a Right Cone; but if not, an Oblique 
or Scalene one... Further, a Plane howfoever po- 
fited, fo. that it paffeth not through the Vertex it 
felf, doth cut the Conic Superficies, and is called, 
A Secant or Cutting Plane ; and another Plane 
which doth. pafs through the Vertex, and is every - 
where Parallel ro the Secant, goes by the Name 
ofthe Vertical Plane ; and that Curve Line 
| Hs which 
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"which the Conic+Superficies defcribes in the Cuf- 
tinge Plane, is called a Conic Se&ion; which 
Section varies according to the different Inclina- 
tions of the Cutting Plane to the Cone. 
'- Hence will arife three Cafes: (1.) When the 
Vertical Plane toucheth the Conical. Surface or 
Surfaces, and then the Section in the Cutting 
Plane is called a Parabola. (2.) When the Verti- 
cal Plane neither touches nor cuts either of the 
Surfaces, then the Seétion is called an Ellipfis. 
(3.) When the Vertical Plane cuts one of the Sur- 
faces, and confequently- the other, then the Se- 
cant Plane alfo cuts both Surfaces, (ince it is 
‘Parallel to the Vertical one ) and the Sections 
‘are called Hyperbole, Oppofite, or oppofite Sections. 
^. Af. therefore the Secant, and the Vertical Plane, 
‘be fo mov'd round in a Parallelifm each to other, 
that the Vertical Plane doth fometimes cut the 
Bafe, fometimes touch the Conic Superficies, 
fometimes is placed wholly without the Cone ; 
Ic is manifeft, that by thofe Conical Superficies, 
divers Species of Hyberbola’s, divers Parabola’s, 
and divers Species of Ellipfis, will be delineated 
in the Secant Plane. And moreover we plainly 
fee, what a near Affinity there is betwixt all thefe 
Lines. For if the Se&ion be parallel to the Bafe, 
or even in a Scalene Cone, if it be fubcontrarily 
pofited, it will be a Circle ; which therefore is 
defervedly reckon'd amongtft the Conic Sections, 
as being one of the Extremes of the Ellipfis ; from 
which then, if yeu proceed by a gradual Change 
of the Inclination of the Cutting Plane, there 
will be produc'd infinite Species of Ellipfes ; until 
at length the Inclination becoming Parallel to che 
Side of the Cone, the other Extreme of the El- 
lipfis paffeth into a Parabola. But then the In- 
clination of the Cutting Plane being La 
| ittle 
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little changed further, there will arife an Hyper- 
bola ; of which there are infinite Species, accord- 
ing to the divers Inclination of che Vertical Plane 
within the Cone. So that the Ellipfes do on this 
. Side end in a Circle, and on that in a Parabola; 
the Parabola on this Side in an Ellipfis, and.on 
that in an Hyperbola; the Hyperbolz on one part 
in a Parabola, and on the other in.a ftrait Line. 
But becaufe the Conical Delineation of the Regr- 
lar Curves may feem too difficult to many, I fhall 
purfue ic no farther, but proceed to that Expofition 
of thefe Lines, which is us'd by Cartes and others, 
and is perform'd by an eafy Delineation cf them 
üponaPlane.  . ant Tagus | 

For a right Conception therefore of the Pro- 
duction and Nature of an .Ellipfis, lec ( Plate x. 
Fig. 1.) Hand I be two Points, or two: Nails or 
little Pegs, about which let there be put a Thread 
BHI ; and then putting your Finger, ora Pin, to 
the Thread, and keeping the fame always in an 
. equal Tenfion, move your Finger round from the 
Point B, until you return to the fame. Point B 
again. By this Revolution of the Point D, 1s de- 
fcrib'd the Curve Line, called the Ellipfis, which 
differs from the Delineation of:a Circle only in 
this, that a Circle hath only one Center, but the 
_ Ellipfis hath, as it were, two Centers ; which in- 
. deed, if the faid Points H and I, their Diftance 
vanifhing away, fhould come together into one,the 
Elliptic Curve would become perfectly Circular. 
But by how much the greater the Diftance is be- . 
twixt thofe Points, the fame Length of the 
Thread ftill remaining; fo much the farther is this 
Figure remov'd from the Circular. So that ac- 
cording to the divers Proportion of the Diftance 
HI to the Thread BHI, or to the Line DK, which 


is equal to the fame Thread made lefs by the 
NE  Diftance 
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Diftance HI, divers Species of Ellipfes will be 
defcribed. But then, if the Length of the Thread 
fhall be increas'd or diminifh’d , in the fame Pro- 
portion as the Diftance of the Points H and I 
fhall be increas'd or diminifh’d, there will be de- 
fcrib'd indeed divers Ellipfes, but which are all of 
the fame Species, or like to one another, From 
whence it appears, that Ellipfes are not only in- 
numerable in Magnirude but in Species alfo, and 
reach from a Circle to a Right Line: For like as 
when the Points H and I meet together, the Ellip- 
fis becomes a Circle; fo when they are removd - 
from each other half the Length of the Thread, 
it becomes a Right Line, both Sides meeting to- 
gether. From whence alfo it is manifeft, that 
every Species of Ellipfes is no lefs different from 
any other, than che Extremes of them are diffe- 
rent on this Side from a Circle, and on that from 
a Right Line. It alfo appears from this Delinea- 
tion, that if from a Point taken at Pleafure in the 
Elliptick Periphery, as che Point B, you draw two 
Lines to the two Central Points ; thefe two Lines 
BH and BI taken together, will be equal to the 
greateft Diameter DK ;. and confequently that 
the Sum of them is always given: Which thing 
the Conítru&ion it felf fhews. For that Part of 
the Thread, which is extended from I to B, and 
from thence back to H, is the fame with that 
which returneth from I to F, and from thence 
back to H ; and again, that Part of the Thread 
which reaches from D to H, is the fame with that 
which reacheth from K to I, or DH is equal to. | 
IK ; therefore IB -j- BH, which by. the former is 
equal co ID -]- DH, is equal to. ID 4- IK, that 
js, to KD. d | 
And thus much for the Production of the Fi- 
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of the chief Lines in it, and the moft notable 
Properties thereof ; fo as to give fome Sort of 
Knowledge at leaft of chis moft Noble Curve, for 
the more right underftanding true Aftronomy, 
and the Courfes of the Planets. 

In Fig. 2. Plater. DFKR is an Ellipfis; C 
the Center ; the Points H and I, the Foci 
thereof ; DK the greater Axis, or the Tranfvers 
Axis, or the principal.Diameter, or Latus tran[- 
verfum, the 'Tranfvers Side ; FR isthe leffer Axis : 
All the Right Lines paffing through the Center © 
C are Diameters: All Right Lines terminated at 
the Periphery, and which are divided into two 
equal Parts by any Diameter whatever,’ are called 
Ordinates, or Lines orderly applied, to wit, with 
refpect to that Diameter. Thus MG paffing 
through the Center, is a Diameter ; and PK which 
is divided into two equal Parts by the fame, is an 
Ordinate thereof, or a Line orderly applied rhere- 
to. That Part of every Diameter, which is in- 
tercepted betwixt the Vertex thereof and the Or- 
dinate, as Mu, is call’d the Abfciffa or Abícifs 
thereof, (as being cut off from the fame Diame- 
ter:) A Line drawn from the Vertex of the Dj- 
ameter, parallel to the Ordinates thereof, as 16, 
isa Tangent to the Ellipfis in that Vertex. A 
Diameter parallel to the Ordinates of another Di- 
ameter, and which confequently hath its Ordi- 
nates parallel co che former Diameter, is cerm'd a 
Conjugate Diameter. Thus GM and VT are 
conjugate each to other, and the Ordinate PK is 
parallel to the Diameter VT, and the Ordinate 
KE to the Diameter GM. The Ordinate to the 
greater Axis, which paffeth through either of the 
Foci, as MA in the firft Fig. is cermd the prin- 
cipal Latus rectum, or the Parameter of the greater 
Axis. : EN 

| D 4 Now 
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- Now the moft notable. Properties of this Elltp- 
fis are thefe: (1.), The Ordinatesof every. Dia- 
meter, which by the foregoing Definitions. are 
bifeded by the Diam eter, are parallel each to 

other. 
| (2) "The Ordinates of the Axes are perpendi- 
cular to the Axes themfelves: But the Ordinates 
of the reft of the Diameters are oblique to their 
Diameters ; and in Ellipfes of divers Spécies,. fo 
much the more oblique, at equal Diftances from 
the Axis, by how much, the Proportion of the 
greater Axis to the leffer is the greater ;, but in the 
fame Ellipfis, fo much the more oblique, by how 
much the more remote A Diameters are from the 
Axes. 

(2.) There be only two Conjugate Diameters, 
which are equal each to other; thoíe, to wit, 
whofeVertices are at equal Diftances from theVer- 
tices of. the Axes. ‘Thus the Diameter. V. T 
is conjugate and equal to that other.GM, where, 
to wit, VF. is equal to MF, ang VD equal to 


MK 

(4) The brule Angle VCM of thefe two Di- 
ameters, which are conjugate and equal, is great- 
er, and the acute Angle VCG is lefs than every 
other Angle contain'd ‘by the reft of the Diame- 
ters that are conjugate to each other. 

(s) If the Lines» P and 7 B be Semi- ordinates 
to any Diameter, as. MG ; the Square of the Se- 
mi-ordinate p. P is co the Square of the Semi- ordi- 
nate » B, as is the Rectangle Me xu G to the 
Re@angle Mv xvG; that is, w Pq is to the Ber 
ctangle comprehended under the two Parts, into 
which the. Diameter is divided. by the Ordinate 
KP, as Bq is to the Rectangle under the Parts of. 
the Diameter made by the Ordinate AB. 


(6) The 
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(6.) The Parameter, or Latus re&um of any 
Diameter is a third Proportional to that Diame- 
ter, and its Conjugate. Thatis (in Figure x.) if 
the Diameter DK, is to. its conjugate “Diameter 
EF, as EF to Y, than Y is the Parameter. or 


— Latus rectum of the Diameter D K. Whence 


A M, an Ordinate to the Axis thro’ the Focus, is 
as above, equal to the principal Parameter, and 
is a third Proportional after the greater and. leffer 
Axis. . For.che Axes are Hie principal Pair of. con- 
jugate Diameters. 

(7.) The. Square of. 'evety Semi- oldipntés: as 
MI in the firft Figure a is lefs. than the Rectangle 
made of any Abfcifs whatever,’ as. 1K drawnan- 
to the Latus rectum, of its.own Diameter,,or than 
“LK: XY... ‘And. in the‘other Figure, Peq is 
lefs than the Rectangle made of the Abfcifs 
Me, and the Latus reum of MG... From which 
Delect; or taretis this Se&ion hath its Name. 

(8.) If fromany-Point,as,B in the firft Figure, 
you draw the. right) Lines BH and BI to the 
Foci, the Sum of them will be equal to the great- 
er Axis, as was fhew'd above. And if the Angle 
IBH comprehended by. thofe. Lines be bifected 
by the right Line ba; the Line a is perpendi- 
cular to the Tangent V B in the Point B, that isp 
to the Curve i in the Point of Contad. 


9.) The Curvature, with refpe&. to the Come 
ter of the Ellipfis, is at divers Diftances from that 
Center in the Quadruplicate Proportion .of- thofe 
Diftances dire@ly : As, if C K be double of CF, 
the Curvature: in the greater diftance K, fhall be 
to the Curvature in the leffer diftance E, 85.16 is 
tor; and if CK be Treble, GE, the Curva- 
tute in K, will beto that in F.as 81 to 1. And 
fo of the reft, | 

(1o) The 
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' xo. The Curvature of the Elliptic Arches,with 
refpect to. the Focus , is in divers Diftances 
from that Focus, in the fimple Proportion of the 
Diftance dire&ly. Thus, if HD be half of HK, 
the Curvature at D,if you refpect the Focus ; XH 
will be half of that at K, refpe&ing the fame 
Focus, and fo of the reft. And the Thing is the 
fame in a Parabola and Hyperbola. 

(1r) The Diftance of a Body turn'd round 

in an Ellipfis, about the Focus H, from the fame 
Focus, is the greateft of all in the Point K, leaft 
of all in the Point D, and mean in the Points E 
and F ; and that mean diftance HF is equal to 
the greater Half-Axis D C or CK ; as is mani- 
feft from the Produ&ion of the-Ellipfis. 
" (r2.) The vanifhing Subtenfe of the Angle of 
Contact, parallel to che Diftance from the Focus, 
at an equal perpendicular Interval from that di- 
ftance, always remains given and unvaried in the 
fame Ellipfis, yea and in the fame Parabola and 
Hyperbola too. Thus if d Z be always given, 
£d alfo will always remain given in a diftance 
 anfinitely fmail. | 

(13J The Area of the Elfipfis is to the Area 
of the Circle circumícrib'd, as the leffer Axis is 
to the greater ; and fo are all correfpondent Parts 
whatever amongít themfelves, as MIK, mIK; 

and the Ordinates to the greater Axis, as M I are 
divided by the Elliptic Periphery always in the 
fame Proportion ; fo that MI isto mI always 
in the fame Proportion ; to wit that of the leffer 
Axis to the greater. And we are to reafon in the 
fame manner concerning a Circle infcrib'd in the 
Ellipfis. | n | | 

(14.) All Parallelograms defcrib'd about the 
conjugate Diameters of the Ellipfis, and compre- 
hending the Ellipfis, are equal. Thus che Paralle- 

logram 


xx 
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: logram #274 is equal to that other «9i? ; and thus 


it is every where. 
" (15.) If a right Line always paffing through 


.one of the Foci be fo mov'd, that the Elliptic 


Area defcrib'd by the fame is proportional to the 
time; the Angular Motion of a right Light 
drawn from the other Focus to the former Line, 
will be almoft equable. Thus in the former Fi- 
pure, if the Angular Motion of the Line HB 
be fo attempered, that the fame being according 
to the reciprocal Proportion of the Diftance ac- 
celerated or retarded,doth defcribe the Area DHB 
proportional to the time, the Angular Motion 
KIB, about the other Focus I will be almott 
proportional to the time, and confequently with- 
out any notable Acceleration or Retardation, and 
nearly equable ; that is to fay, where the Ellipfes: 
doth not differ much from a: Circle, 
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3 Parabola, let DI be an Infinite right 
T €? Line, and LL another perpendicular 
2 toit. Then there being taken in the 


:Ureys O'pafs now from the Ellipfis to the. 
vc 


| Line DI any Point F, let the Line 
FIbebife&ed in the Point T. And let theré be 
taken Two Threads joined together in the Point 
T, one TI, the other TF. And let a Pin fixed 
tothe Threads in the Point T be moved to the 
Right and Left, in fuch a manner, that when the 
Pin is in any other Pofition as in P, the idees: 
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DI: which here becomes, P I; be always perpen- 
dicular to IL, or, which is the fame Thing paral- 
lel to DI; but equal to the Thread TF, which 
in this Cafe becomes P.F, ever paffing. thro” the 
Point E.- And the Curve thus. generated. by the 
Pin; infinitely. produced both ways, is called a 
Parabola. :In- which g P3 TsR o.is the Peri- 
phery ; ID the Axis or principal. Diameter ; 
F the-Fócus. The Point T the principal Vertex ; 
an Ordinate to the. Axis through the Focus is 
equal to the priricipal: Latus Re&fum. All right 
Lines n i, or R Z; Parallel co the Axis,are Diame- 
ters, as dividing the Lines ih and K 1 which are 
Parallel:to the Tangents at their Verttices into 


4 


Two equal Parts ; and they are called Diameters _ 


belonging to the "Vertices in which they termi- 


nate, as T, i. 
Now the principal Properties of a Parabola 
are thefe. 
(1.) Every Diameter or right Line. parallel to 
the Axis, biíe&s all the Lines within the Figure 
which.are parallel.to the Tangent of the vertical 


Point.- Which bife&ted Lines are. as hath been. 


faid called Ordinates. 
(2.) The Ordinates of the Axis are perpendi- 
cular thereto: But the Ordinates of the reft of 


the Diameters are oblique.to their Diameters; and. 


fo much, the more roblique, by. how much the 
Vertex of the. Diameter ;is further remov'd from 
the principal Vertex of the Parabola. : 


(3.) "The Latus reum, or Parameter to every 


Diameter, is a third. Geometrical Proportional 
after. any abíciffe and its femi- ordinate ; that is 
the Latus rectum of che Diameter (i n), or that of 
the Vertex (i) is y, if it be thus ;as the Abfcifs 
(iq) is to the Semi- ordinate (a k) fo j is that Semi- 


erdinate (qk) to y, 
(4) The 
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4) The principal Latus rectum, or that belong- 
ing to the Axis, is equal to the Ordinate (hi) paf- 
fing through the-Focus ; and fourfold of F T, the 
leaft diftance of the Focus from the principal 
Vertex. | PENIS VUES dal 
"(s The Latus rectum belonging to any Vertex 
of Diameter, is alfo fourfold of the diftance of 
that Vertex from the Focus. Thus the Latus re- 
um of the Vertex s is fourfold Fs, and fo it is 
. every where. " wei Ie 
(6.) The diftance of any Vertex or Point in 
the Parabola whatfoever from the Focus; is equal 
to the leaft diftance of the-fame from the Line 
LL, which is perpendicular to the Axis, ard is 
diftant from the principal Vertex by a Quarter of 
the principal Latus rectum. For by the Conftru- 
tion, the Line F P is equal to PI. 
v (7.) The Square of every Semi-ordinate, as 
(qk) is equal to a Rectangle made of the Latus - 
zelum, of the fame Vertex as Y, and’ (iq) the 
"Abfciffe of the Diameter of the Vertex. And 
from the Equality of the s#eaCean, or Comparifon 
in the Figure, betwixt’ the’ Rec&angle and’ the 
Square of the Semi-ordinate, without any Excefs 
or Defe&, the Name of the Section is derived. 
(8.) When therefore, the Latus rectum in’ any 
Diameter is given,the Abíciffes are asthe Squares, - 
or in the duplicate Proportion of thé Semi-ordi- 
nate. Thus TF isto TG asiFqistoógGq; 
and fo likewife is iq to irj; as the Square of. q'FE 
is to the Square of r1 ; and thus every where. 
From whence alfo, when the Abfcifs of che Axis 
is equal to the principal Latus ‘rectum, or fourfold 
‘of the diftance from the Vertex, ir will’ be equal 


tO its femi-ordinate. 


^ 3(3)y The 
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(9:) ‘The Angle comprehended byany Tangene - 
whatever, and a Line from the Focus, is equal to . 
an Angle comprehended by the fame Tangent, 
and any Diameter or the Axis, Thus the Angles 
Tifand pin are equal. From whence indeed, 
(which thing is to be noted by the way) all che 
Rays of Light which fall upon the Concave part 
of the Surface produced by the Convolution 
of the Parabola about the Axis, which fall, I fay, 
upon the fame Parallel to the Axis, will be re- 
fle&ed. from. a. Concave Paraboloid Figure to 
the Focus F, and will beget chere a moft vehement 
burning; from which Property indeed the Point 
F hath the Name of Focus ; and hath communi- 
cated the fame Name to the like Points in an 
Hyperbola and Ellipfis. | P 

(xo.) A Parabola, like as an Hyperbola, doth 
not enclofe a Space, but is ftretched forth im infi- 
nitum. c: ! | 
(1ir.) A Parabolic Curve always tends more 
and more : infinitum to a Parallelifm with its Di- 
ameters, but can never reach thereto. TR e 

(12.). 1f two Parabolz's be defcribed with the 
fame Axis and Vertex, the Ordinates to the com- 
mon Axis will be cut off by the Parabole in a 
* given Proportion ; and the Area's comprehended 
by. the fame Axis and Ordinate, and the refpe- 
&ive Curves will be in the fame given Proportion | 
to one another. | 

(13.) Every Parabolic Space, comprehend- 
ed betwixt che Curve and the Ordinate, is to the 
Parallellogram made of the fame Bafe and Alti- 
tude in a Subfefquialteral Proprortion, thatis, as 
2.15 to 5, and to the external Space in a double 
Proportion, oras2 isto x. So qiT is to qil 
as 2 is to 3, and toil T as2 is to x. From 
whence it becomes eafy to fquare the Parabola. . 

| (14.) The 
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(14.) The diftance betwixt the Vertex of the 
Axis, and the Point where any Tangent what- 
ever interfe&s it, as T, is equal to the Abfcifs of 
the Axis which belongs to the Ordinate apply'd 
from the Point of Conta&. So TI is equal to 
TE; and thus itis every where. 
(15.) All Parabolz's are like, or of the fame 
Species ; as are alfo all Circles. | 
(16.) If a Diameter be continued through the 
Point of meeting of Two Tangents, this Di- 
ameter will bife& the Line that joins the Con- 
tacts. Which Property of the Parabola is like- 
wife to be applyed to the Ellipfis and Hyper- 
bola. 
And thus much for the Parabola. We now come 
to the Hyperbola (Fig. 4. Plate x.) Take a Staff 
or Rule of a fufficient Length as I B, fet I and 
H. be two Central Points anfwering to the Fo- 
ci of an Ellipfis, in which let Nails be faftned ; 
then there being tied to one end of, the Stick a 
Rope or Thread, twofold fhorter than the Stick, 
let che other end thereof be bor'd through, and 
fo fixed upon the Nail I ; but as for the other end. 
of the Rope let it be fixed by a Knot upon the 
other Nail H ; which done, laying your Finger 
upon the Point B, where the Rope and Staff are 
tyed together, lec your Finger defcend fo long 
that you have thereby now applyed and joyn'd 
the whole Rope to the Staff or Rule, the Staff 
— having been in the mean while, as it needs muft, 
wheel'd about the Centre I. And thus you have 
defcrib'd by the Point B, the Vertex of the An- 
gle H BI, a Curve Line, X BD which is part 
of an Hyperbola ; the whole confifting of that 
Curve wich will refult from the Curve X BD; 
which hath added to it the Curve Y D, the Pro- 
duct of the Rule and Work as turn’d to the poe 
i97: side. 


~~ 


Da, be drawn parallel to the firft Lines, or ( ecy 
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Side. ' Furthermore, if you transfer the Hole or 
Knot of your Rope to the Nail L, arid faften the 
end .of the Staff upon tbe. Nail H,' you will de- 
{cribe another Hyperbola vertically óppofite to 
the former, which is altogether like and equal 
thereto. But then, if without changing any 


, thingin the Rule and Nails, you fhall only apply 


a longer Rope, you wil! defcribe an Hyperbola of 
a different Species from the former ;; and if-you 
fhaii ftill lengthen the Rope fomewhat, you will 
have another Sort of Hyperbola ; un:il at length 


making the Rope double in length of the Rule; 


vou Will have the Hyperbola chang'd into a right 
Line. Butif you alter the Diftance of the Nails 
in the very fame Proportion, in which you change 
the difference betwixt the Length of the Rope 


and that of the Stick; in this Cafe you will | 


have Hyperbole mark’d out, which are altoge- 
ther of the fame Species, but have their fimilar 
Parts differing in Magnitude. And laftly, if the 
Length of the Rope and Rule be equally increas’d, 


^ their Difference in the mean while, and the In- 
terval of the Nails remaining the fame; not à 


different Hyperbola either as to Species or Mag- 
nitude will be defcrib’d, nor any: other than @ 
greater Part of the fame Hyperbola. . And this 
for the Mechanical Conftru&tion of an Hyperbo- 
Ja in a Plane. : jx gU 
. But it is to be acknowledg'd, that many Pro- 
perties of an Hyperbola are better known from: 
another manner of generating the Figure; which’ 


— Way is this : (See Fig: 5: Plate 1.) Let LEvand — 


MM be infinite Right Lines interfe&ing ‘each 


other in any Angle whatever: in the Point'‘C» 


From any: Point whatever, as D or e, let De; 
éd;) which with the Lines firft drawn make the: 
7 : Parel- 


\ 


: 
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Parallelograms as DcCd, or ecCd : Now 
conceive two Sides of the Parallelogram as 
Dc, Dd, orec, ed, to be fo mov’d this way 
and that way, that they always keep the fame 
Parallelifm, and that at the fame time the Area's 
always remain equal : That is to fay, chat De and 
ec remain always Parallel to MM, and Dd 
or e d always Parallel to L1; and that the Area 
— of every Parallelogram be equal to every other; 
one Side being increas’d in the fame Proportion 
wherein the other is diminifh'd. By this means 
the Point D or e will defcribe a Curve-Line with- 
in the Angle comprehended by the firft Lines; 
which is altogether the fame as was defcrib’ 
above, both by the Section of a Cone, and Czr- 
tess Delineation. And in like manner, in thé 
Angle vertically oppofite will be defcrib'd a like 
and equal Hyperbola, if fo be the Parallelogram 
Cc Kd, equal to the former, be fuppos'd to be 
mov'd in the fame manner as before: Which Hy« 
perbola's are, as was faid before, called oppofité 
Sections, or oppofite Hyperbole. Now in ei- 
ther of the two Figures, DK is the Tranfvers 
Axis, or 'Tranfvers Diameter of the Hyperbola, 
or the Oppofite Sections: The Point C is the Cen- 
— ter: The Points H and I the Foci. And in the 
2d Figure, all the Lines paffing through the 
Center C, as ih are Diameters. But if Hy- 
- perbolz be defcrib’d in the following Angles, a3 
LCM, MCL, thofe Se&ions will be called the 
— Following Sections; and if the Diftance of the 
primary Vertex of thofe Hyperbole from the 
common Center C, as C2, or C y, be equal to 
the Semi-tangent K», or Ka, at the primary 
Vertex of thefe, thofe Sections fhall be called 
Conjugate Sections : And all che Figures together 
will be to be PARI the Hyperbolic Syftem: 
! à Fut- 
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Furthermore, (i h) the Ordinate to the Axis 
through the Focus, is equal to the principal Latus 
reum, or the Parameter of the Axis ; and an in- 
determinate Diameter,, whether of the following 
Sections, or of the former, which is parallel to 
the Ordinates of any determinate Diameter, is 
called the Conjugate Diameter of the fame: and 
hath its Ordinates parallel to the former Diame- - 
ter. AT x 
And now we come to the principal Properties 
of the Hyperbola, and the oppofite Sections, 
which are as follows: — | — NE s 
(x.) Any Diameter or right Line paffing thro’ 
the Center, bifects all its Ordinates ; that is, all 
the Right Lines which are, terminated on both 
Sides by the Hyperbolic Periphery, and thofe pa- 
rallelLines that are bifected by any Diameter what- 
ever, are called the Ordinates of that Diameter. 
(2.) The Ordinates of the Axis are perpendi- 
cular to the fame: But the Ordinates of the reft 
of the Diameters are oblique to their Diameters ; 
and fo much the more in divers Species, at equal 
Diftances from the Axis, by how much the 
Difference of the Angles including the: Hy- 
perbolz is the greater; and in the fame Hyper-. 
bola, fo much the more oblique, by how much 
the Diameters are removd from the Axis. 
(32 If any Lines, as Hh and Qs,-be Semi- 
ordinates to any Diameter whatever, .as K D ; 
the Square of the Semi-ordinate Hh is to the 
Square of the Semi-ordinate QS, as the Rectangle 
K H DH is to the Re&angle K OQ, DQ: And 
fo the Square (b n) is to the Square (a K,) as the 
Rectangle (i b hb) is tothe Rectangle (iaha); 
and thus every where. | | Ag 
(4.) The Latus rectum, or Parameter of every 
Diameter, is a third Geometrical Pop 
after 
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‘after the Diameter, and. the’ Conjugate thereof, 
(or its Tangent, which is equal to it: ) That is, 
the Latus rectum of any Diameter, as D K is 
Y, if ic be thus; as the Diameter DK is to its 
“Conjugate 2v, or its equall (»») ; fo that Conju- 
gate 29, or that Tangent (ev) isto y.. Andas 
the Ordinaté to the Axis through the Focus is the 
‘principal Latus reftum, fo it is more than Qua- 
druple of the leaft Diftance of the Focus from 
the Vertexi ^ — nt. ba S 
^ («) The Square of any Semi-ordinate what- 
devér, a$ (Qr r,) is greater than a Rectangle made. 
‘of the Abícifs D Q, drawn into the Latus rectum. 
"of its own Diameter, as y : And in like manner, 
the Square of the Semi-ordinate (b n) is greater — 
than the Rectangle of.the Abfcifs (ib) into the 
Latus rectum of the Diameter (hi.) From which 
on@epCoai, ‘or Excefs, this Section hath its Name. 
"US (6.)-Tf from any Point of the Hyperbola , as 
CB) in che former Figure, there be drawn Right 
‘Lines ‘to ‘both the Foci, as BH, BI, the.Diffe- 
“rence of thefe Lines will'Be equal to the Axis 
| m as will eayly appear from the Delineation 
cap felE 506 9o; loe d ut 3 28 01 
^ (5) If the Angle H BI, comprehended by 
' Lines drawn to the Foci, be bifected by the Right 
"Line E B, that Right Line will be a Tangenc to 
"the Hyperbola in the Point B. - 10g 914 
5 (8) The Right Lines LL; and MM, which 
enclofe the Hyperbole , ‘are Afymptots sof the 
Hyperbolz, i. e. they are fuch unto which on 
both Sides the Curve approacheth nearer’ and 
Nearer, but,is never able to touch or coincide 
with the fame. du 

(9.) The Species of Hyperbole are various; 
' according to the different Magnitude of the Angle 
LCM comprehended by the Afymptots: ve 

| (2.2 that , 
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that Angle remaining the fame,:.the Species of 
.the Hyperbola remains unchang'd ; but:according 
to the different Magnitudes of the Parallelograms, 
by which the Hyperbole are defcrib'd, Hyper- 
bole of divers Magnitudes do arife; But if the 
Angle contain’d by the Afymptots be a right An- 
gle, the Hyperbola is called: Equilateral or 
Re&angular, and the Latus rectum of. all: che. Di- 
ameters will (as it is in a. Circle) be equal to their 
Diameters. And laftly , if Hyperbole be de- 
fcrib'd about the fame Axis, in divers Angles of 
the Afymptots, the Right Lines perpendicular to 
the Axis will be cut off in a given Proportion 
by them all ; and the Spaces likewife enclosd by 
the Right Lines or Ordinates, the produced Axis, 
and the Curves, will be in the fame given Pro- 
portion. | : 
(1o.) If the Diftances from the Center of the 
Hyperbola be taken in a Geometrical Proportion 
in one of the Afymptots, fo that CI, CTI, CII, 
CIV, CV, CVI, be continuedly, proportional 
geometrically ; and if from thofe Points there be 
drawn. parallel to the other Afymptot, the Lines, 
Y 1, Il 2, III 5, IV4, V5, VI 6; the Spaces I2, 
XI 5, I4, IV 5, V6, will be equal amongtt 
themfelves. And confequently, if that Afymptot 
C. M be fuppos'd to be divided , according to the 
Proportion of Numbers exceeding one another in 
a natural Series, thofe Spaces will be proportional 
to the Logarithms of all thofe Numbers. 
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* "AVING now expounded feverally 
Ex 9 S the Curve Lines, eulled the Conic 
99 H €? Seaions; let us now compare them to 
2 gether,and briefly confider,whatA ffini- 
ty there is betwixt them, what mutual 
I i they bear to one another, and what Dif- 
erence there is among them. | 
Let the Point A therefore (fee Fig. 5. Plate 1.) 
be the Center of the Circle FX BY, and the 
common Focus of all the Se&ions: [ And it is 
indeed a certain Center, as it were, of all the 
Sections® And the Ordinate to the Axis through 
the Focus, or Latas rectum, doth in moft of them 
more agree with the Diameter of the Circle paf- 
fing through the Center thereof, than the Axis it 
felf of the Se&ion doth: ] Then let the Point F 
be the principal Vertex of all the Sections ; and 
F X B Y a Circle, the Center of which Figure, 
as being only an Extream Ellipfis,falls in with che 
Foci, (where X Y will be, if I may fo fpeak, 
the Latus rectum of the Circle paffing through the 
-. common Focus or Center, and equal to the reft 
of the Diameters.) Let FGHI be an Ellipfis 
lefs Curve on the Vertex than the Circle is ; the 
remoter Focus of which Ellipfis is the Point C ; 
FH the principal Diameter or greater Axis; GI 
the leffer Axis; ef the principal Latus rectum, 
Which is more than double to A F, the Diftance 
of the Vertex F from that Focus A, but lefs than 
Quadruple thereof. But it is to be noted, that 
| C3 another | 
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another Ellipfis alfo may be drawn more Curve in 
F than the Circle; but then it is defcrib'd about 
the Point A, as the remoter of the Foci. But 
then afcer the greater Ellipfis, the Center thereof 
departing further, im infinitum, there arifeth the 
Conic Section Lá FcK, which we call a Para- 
bola; which indeed is half of an Ellipfis infinite- 
dy long; the Axis whereof is the Infinite FH, 
and (cd) the Latus rectum: Which fame is Qua- 
druple of the Diftance of the Vertex from the © 
Focus AF. As for the Curvature of the Parabo- 
la in the Vertex F, ic is lefs than that of the El- 
lipfis, as is eafy to be feen. "Then laftly, thg 
Hyperbola MiFIN follows, whofe Parameter, 
or principal Latus re&um (11) is more than’ Qua- 
druple to A F, the Diftance from the Focus : and 
the Curvature thereof in the Vertex F, islefs than 
that of the Parabola, and will infinitely be di-. 
minifhd, the Angle T E V, contain'd By the A- 
fymptots, being increasd im infinitum, until at 
length che Afymptots falling into one Right Line, | 
the Hyperbola it felf with its Afymptots, end in 

the Right Line OP perpendicular to the Axis. 
From whence it is to be noted, (1.) That the 
Conic Sections are in themfelves a Syftem of 
Regular Curves allied to each other; and that 
one is chang'd into another perpetually, when it - 
is either increas'd or diminifh'd i» infinitum, ‘Thus 
the Circle, the Curvature thereof being never fo 
little increasd or diminifh’d, paffeth into an El- 
lipfis; and the Ellipfis, its Center going away in- 
finitely, and the Curvature being by that means 
diminifh'd, is turn’d into a Parabola: And when 
the Curvature of the Parabola is never fo little 
chang d, there arifeth the firft of the Hyperbolz ; 
the Species whereof, which are innumerable, 
will all of them arife orderly by a gradual Dimi- 
| 2 nution — 


Mathematical Philofophy. 23 


nution of the Curvature, until the Curvature va- 
nifhing away, the laft Hyperbola ends in a Right 
Line perpendicular to, the Axis. » From whence 
it is manifeft, that every Regular Curvature like 
to that of a Circle, from the Circle it felf unto 
a Right Line, is a Conical Curvature, and is di- 
ftinguifh’d with its peculiar Name , according to 
the divers Degree of that Curvature. (2.) That 
the Latus rectum of a Circle is double to the Di- 
ftance from the Vertex; that all the Latera recta 
of the Ellipfes are in all Proportions to that Di- 
{tance betwixt the Double and Quadruple, ac- 
cording to their different Species : That the Latus 
rectum of the Parabola ,,.is juft Quadruple to that 
Diftance ; and laftly, that the Latera recta of 
Hyperbole are in all Proportions) beyond the 
Quadruple, according to their various Kinds. 
(3.) That all the Diameters in a Circle and El- 
lipfis interfe& one another in the Center of the 
Figure within the Section.: "That in the Parabola 
they are all parallel amongft themfelves, and to 
the Axis ; but that in the Hyperbola they/inter- 
feé& one another, but this without the Section, 
in the common Center of the oppofite Sections. 
(4.) That the Curvature, with refpe& to the Fo- 
cus in all thefe Figures, is increas'd or diminifh'd 
proportionably to the Increafe or Diminution of 
the Diftance from the.Focus. For although by 
reafon of the Obliquity of the Tangents, the 
-. Curvature for the moft part feems greater in a lef 
fer Diftance from the Focus, and lefs in a great- 
er ; yet the true Curvature, which is to be defin'd 
by the Subtenfe of the .Angle of Contact, is 
On the contrary greater in a greater Diftance, and 
leffer in a lefs, and greater or lefs in prcportion 
to the Increafe or Diminution of the Diftance ; 
as Was above noted, and will be more fully open- 

| (5.4. ed 
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ed in the Sequel. And thus much for the Conic 
Sections. a 

And forafmuch as we fhall make fome fort of 
Ufe of the Line called the eygouy we fhall 
briefly defcribe it. ^ ' 

If upon the Right Line A E (fce Fig. I. Plate 2. ) 

the Wheel or Circle ABCD be roll'd along, | 
until the Point A, in which it at firft touched the 
faid Line, doth again after an entire Revolution 
meet and touch the fame in E; the generating 
Circle ABCD will defcribe the Line AE equal 
to its own Periphery, and the Point A by its 
Compound Motion will defcribe the Curve Line 
AFE, which is called a Trochoid’ or Cycloid : 
The Length of which Line is Quadruple to the 
Diameter of the generating Circle; and the Cy- 
cloidal Space comprehended by this Curve, and 
the Subtenfé AE, is triple the Area of the gene- 
rating Circle. - Moreover, any part whatever efti- 
mated from the Vertex, as FI is every where 
double the Chord of the Circle Fb; and the 
Tangent thereof G EH is perpetually parallel to 
the fame Chord Fb. ‘And thus much for the Cy- 
cloid. - 
— Now after this preparatory fhógt Explication of 
the Conic Sections, we come to our pro- 
per Work: Intending to proceed next to the true - 
Laws of Motion, both thofe commonly known, 
and thofe which were lately found out and efta- 
blith’d by the Famous Sir I/aac Newton. 

In the fetting forth of whofe Noble Inventions, 
we fhall generally make ufe of the very Words 
of that great Man; but yet fo, that every where 
we fhall endeavour to explicate, demonftrate, 
and to make'clear'and plain to all, what’ either 
fon or ^ pt d nore s anit hae | dift bx 5 
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tJ. TD) O D Y or Matter is an extended Sub- 
ppt ftance, Solid, or Impenetrable, of it 
Hf merely Paffive, and indifferent to Motion or 
- teft ; but capable of any fort of. Motion what- 
ver, and of all Figures and Forms. Icall ita 
ubftance extended, becaufe that it poffeffeth 
ome part of extended Space ; but Solid and Im- 
yenetrable : not becaufe it cannot be penetrated — 
yy Space, or perchance by other incorporeal Sub- 
tances, but becaufe it is impenetrable by all other 
Matter ; and upon that account it doth eminent- 
ly claim the Name of Solid. I put in the Defini- 
tion [its being indifferent to Motion and Reft] 
not that I reckon Motion, as well as Reft,a Thing 
plainly Negative or Privative, but becaufe the 
Conception of a Body, as in Motion, is as eafy 
and familiar as of a Body at Reft. I call it in it 
felf Paffive, becaufe we perceive nothing of A&i- 
on or Energy, or of a Power of moving it felf, 
either in its Nature or Affe&ions ; but on the 
contrary from all the Phenomena of Motions we 
every. where meet with its meer Inactivity. But 
Y fay that it is capable of any fort of Motion and 
of all Figures and Forms ; fince the daily Ap- 
. pearances in the World, and infinite Experiments, 
doe fhew this to be the Nature*of it. Time, 
Space, Place, and Motion, as being things fo well 
“known to all,fcarce need to be defined. But how- 
ever, for the taking away fome Prejudices out of 
Mens Minds, it is very expedient, that with the 
famous Newton we fhould diftinguifh thefe Quan- 
tities into Abfolute and Relative, True and Ap- 
parent, Mathematical and Vulgar, and fo in a 


if fort 
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fort defcribe them ; which for Order's fake fhall 
be done in the following Definitions. 3 
(2.) Time Abfolute, True, and Mathemati- © 
cal, is an eternal and equable Duration, com-— 
pounded of Parts, fucceeding each other in an | 
immutable Order. For in it felf, and its own — 
Nature it flows equably. Nor doth it depend on — 
the Motion of Things, much lefs on their Reft, | 
nor indeed: upon their Exiftence. For whether 
any thing were movd or not, whether any . 
Thing did exift, or nothing at all were in Being, | 
it would be all one in this Cafe. Time flows | 
equably, whatfoever relation any other Things | 
have to one another. | > 
(3.) Relative Time, or that which is Apparent | 
and Vulgar, is fome fenfible. and external Mea- — 
fure of Duration (whether it be by Motion, or. 
fome other way; whether it be Accurate, and 
even or uneven:;) which is vulgarly ufed inftead 
of the true time, as an Hour, Day, Month, Year, | 
the Duration of che World, or any Syftem from — 
the beginning to the End, c. In Aftronomy, ~ 
Abfolute Time is diftinguifh'd from Relative, by 
the Equation of the Vulgar Time : For the Na- 
tural Days are unequal, which are neverthelefs | 
commonly taken for equal in the meafuring of © 
time. This Inequality Aftronomers correct, that — 
they may meafure the Heavenly Motions by a. : 
truer Time. Itis poffible, that there may be no 
even Motion at all by which Time may be accu- | 
rately meafured. All Motions may be accelerated — 
and retarded, but the flowing of abfolute Time — 
cannot be chang’d. The Duration or Perfeve- , 
rance of the Exiftence of Things is the fame, © 
whether their Motions be fwift, flow, or none at — 
all. Confequently this Duration is juftly diftin- — 
guifh’d from its fenfible Meafures, and po dis 4 
| rom 
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from them by Aftronomic Equation. For this is 
that which Aftronomers have labourd after ; 
namely, that. from the unequal Motions: of the 
Heavenly Bodies, they might find,an equable 
Motion about fome Center; from whence they 
may more eafily and accurately. meafure Dura- 
tion, that flows equably. / id | 
_ G.) True, Abfolute, Mathematical Space, is an 
Extenfion Penetrable, Indifcerpible, Immoveable, 
Infinite, Eternal, and every where like to it felf. 
Whether or no fuch an Extenfion.doth really ex- 
ift diftin& from Matter, is another Queftion. But 
that this is the common Notion of Space with 
all, muft be allowed by every reafonable Man; 
and therefore, is to be taken as a Definition ; for 
fo Geometricians do at firft define a Circle, a. 
Square, a Triangle, €. not troubling them- 
felves with the Queftion, whether fuch Figures 
do redlly exift or no. We ought therefore to lay 
down fuch a Defcription of Space aforehand , 
left afterwards there fhould arife Strife about, 
Words; that we may afterwards enquire whether 
it be the Idea of a Thing really exiftent. 

(s.) Relative Space (which alfo as I fuppofe 
is commonly called Place) is the Meafure of Ab- 
folute Space, or any moveable Dimenfion, which 
is defin'd and determin'd by our Senfes,from its Po- 
fion with refpeét to certain Bodies, and is com- 
monly usd by the Vulgar for immoveable Space. 
As the Dimenfion of an Aereal, Celeftial, or 
Subterraneous Space, is defined by its Pofition in 
refpe&t of the Earth. So Space, Abfolute and 
Relative, are the fame in Species and Magnitude, 
but do not always remain the fame in Number : 
That is, if we confider the Space or Cavity con- 
tain’d in any Veffel, whitherfoever the Veffel is 
e: 590900010 | mov d, 


28 Mathematical Philofophy. . 
mov'd, the Space or Cavity included within the 
Sides thereof will always be of the fame Nature, - 
by reafon that the nature of Space is every where 
fimilar co it felf ; and will remain likewife of the 
fame Magnitude, becaufe of the given Magni- 
tude of the containing Veffel. But it doth not re- 
main the fame Space numerically, for that is 
changed perpetually by the Motion of the Veffel. 
Yn like manner, if the Earth be mov’d with an — 
annual Motion about the Sun, the Space of our 
Air which relatively, and in refpe& of the Earth — 
remains ftill the fame, that is of the fame Nature 
and Quantity, will fometimes be one part of Ab- 
folute Space; fometimes another, and fo will ab- 
folutely and really be changed perpetually. For, 
indeed, as the Order of the Parts of Time is un- 
changeable, fo likewife is the Order of the Parts 
of Space; although the Things which are in them 
are continually mov'd and chang'd. For Times | 
and Spaces are, as it were, the Places of them- 
felves, and of all other Things; which are pla- . 
ced in Time as to order of Succeffion, and in - 
Space as to order of Situation. "They are Places 
by their Effence, and it is abfurd to fay that the 
primary Places can be movd. ‘Thefe therefore | 
are the Abfolute Places ; and the Tranflations 
"which are from thefe Places, are the only Abfo- 
lute Motions. But then, becaufe the Parts of — 
Space cannot be feen in themfelves, or diftin- — 
guifh'd from each other by our Senfes, inftead of 
them therefore we ufe fenfible Meafures ; defining — 
all Places from the Pofitions of Things, with re- — 
{pect to fome Body which we look upon as un- 
mov'd, and their Diftances from the fame ; and - 
éftimating all Motions with réfpe& to the faid 
Places,and fo far as we conceive Bodies to be tranf- 
ferr'd from them.And thus inftead of aplo NE ; 
and — 
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arid Motions, we make ufe of Relative ; and this 
indeed not unfitly in common Affairs : But in 


-Philofophical Matters we ought to abítra& from 
-the Senfes : for it is poffible,that no Body is really 


-quiefcent, to which Places and Motions may not 


in this manner be referr’d to. - 


» -(6.). An abfolute Place is that part of the abfo- 


Inte Space which the Body poffeffeth. 


(7) A Relative Place is that part of Relative 
Space which a Body. poffeffeth. I fay that Place 
is a part of Space, not the Situation of a Body, 


or the ambient Surface as fome have defin'd it. 


-For the Place of equal Solids are equal ; and the 
fame quantity of Matter always poffeffeth the 


fame Quantity. of Space, of whatfoever Figure 
or Denfity it is: As for Example, The Places of 
a Sphere, and of a Cube of the fame abfolute 


_ Magnitude will be equal, or they will fill and be 


adequate. to equal Places ; although the ambient 


‘Surfaces, by reafon of the diffimilitude of the Fi- 


gures will be unequal ; and fo in all other Figures. 
‘Further, the Motion of the whole is the fame 
with the Sum of. the Motions of .all the Parts, 
that is, the Tranflation of the whole from its 


. Place is the fame with the Sum or Aggregate of 


the Tranflations of all che Parts from their Places ; 
.and confequently, the Place of the whole is the 
fame with che Sum of the Places ofthe Parts, and 


therefore is Internal, and in the whole Body. But 

Situations properly fpeaking have no Quantity, 
-and cannot be faid to be greater or leffer, neither 
are fo much Places as Affections of Places. 


_ (8.) Abfolute Motion is a Tranflation of any 
-Body or Subftance from one abíolute Place, or 


_immoveable Space, into another abfolute Place or 


 immoveable Space, : 
: | (9.) Re- 
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(9. J Relative Motion ís a Tranflation of a Bo- 
dy from a Relative Place or fome móveable Space, 
into fome other Relative Place, or moveable 
Space; or a transferring of 4' Body’ from ‘the 
Neighbourhood of fome ambient Bodies into the 
Neighbourhood of others ; or laftly, a "Tranfla- 
tion of a Body. from its Sitnation amongft fome 
certain Bodies into another Situation. 

Thus in a Ship which is under Sail, the Rela- 
tive Place of à Body is that part of. ta Ship'in 
which it is; or that part of the whole Cavity . 
which fuch a Body fills’; and which confequent- 
ly is mov'd with the Ship : Andthe Relative Reft 
of that Body, is the abiding thereof in the fame 
part of. the Ship, or Cavity. But the true Reft 
thereof is its,continuance in the fame part of the 
immoveable Space. From whence if the Earth 
did truly reft, ‘the Body which ‘relatively’ refts 
in the Ship, would be mov'd truly and abfo- 
lutely with the fame Velocity wherewith the: Ship 
- 15 mov d on the Earth. 

But if the Earth be alfo ieee: the true: and 
abfolute Motion of the Body will arife, paitly 
from the Motion of the Earth in the unmév’d 
Space ; partly from the Relative Motions, - ‘both 
‘of the the Earth and of the Body in the Ship; 
and from thefe Relative Motions will arife a Re- 
Jative Motion of the Body on the Earth. So if that 
Part of che Earth in which the'Ship is, be really 
mov'd towards the Ea/ with 4 Velocity of rooro 
Parts, and the Ship be carried towards the Weft by 
the Wind with a Velocity of Ten Parts ; and’ the 
Mariner walk-in the Ship towards the Eaff with —— 
‘one Part of Velocity : The Mariner will be 
mov truly and abfolutely i in the unmov'd Space 
towards the Eaf with rooor Parts of Velocity, . 
and Relatively on the Earth towards the We with 
Nine Parts of Velocity. | 
Feb. 28. 1703. LEC- 
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AT 


as. Lect. IV. 
Sera E have already laid Mo fore Defi- 
gues nitions by way of Preparation to the 


. 14 General Scbolium.] Reft. and Motion Abfo- 
lute and Relative, are diftinguifh'd one from ano- 
ther by their Properties, Caufes, and Effects. — 
It is plain by what hath been faid, that altho" 
any two Bodies, each of which doth truly reft, 
do alfo reft betwixt themfelves; yet it doth in no 
wife follow from their refting betwixt themfelves, 
that they do truly ret: For there may be fome 
truly Quiefcent Body. in or far beyond the Regi- 
on of the Fixed Stars, with refpec&t to which both 
the faid Bodies do change their Pofition. | | 
‘But from the Situation of Bodies in our Regi- 
ons, in refpe& of one another, we cannot difco- 
ver whether any of chem keep a givet: Pofition in 
 refpe& of that remote one ; and fo true Reft can- 
not be defined by their Situation between them- 
felves. The Property of Abfolute Motion is, 
that thofe Parts which keep given Pofitions to the 
 Wholes, participate of the Motions of thofe 
Wholes : For all the Parts of Revolving Bodies 
endeavour to recede from the Axis of, Motion. 
And the Impetus of moving Bodies arifes from 
the conjoint Impetus of each of their Parts: 
Therefore in Ambient Bodies, thofe move which 
are relarively at reft, And therefore erue apie 
- elute 
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folute Motion cannot bc defined by a Tranflatioti 
from a Vicinity of Ambient Bodies, confider'd as 
at Reft.. Thofe Ambient Bodies ought not only 
to be lookd upon as Quiefcent, but alfo to be 
truly fo: But all included Bodies, befides their 
Tranflation from the Neighbourhood of Ambient 
Bodies, alfo participate of the true Motion of 
thofe Bodies; and that "Tranflation being taken 
away, they are not truly, but only feem.to be at 
Reft. For Ambient Bodies are to the included © 
ones, 25 the outward Part of the Whole is to the 
inward one, or as the Shell to che Kernel. . But if - 
the Shell be mov d, the Kernel or: part of the 
Whole is alfo mov'd together, without a oTranfla-- 
tion from the Shell. | eee 
In like manner, if a Relative Place be moved, 

a Body therein plac‘d is alfo mov'd ; and a Body 
which is moved from a moved Place partakes of 
the Motion of its Place.So the Motion of any one © 
walking backwards and forwards in a Ship. whilft 
it is under Sail, is greater or leffer in refpe& of 
the Earth, ot Shore, according as it tends towards - 
the fame or contrary Part with the Ship. -But if 
he ftand ftill in any certain Part of the Ship, he 
partakes of its Motion, and moves with the fame . 
Celerity : And if ic tends towards the fame part 
of the Ship, in refpect of the Earth it will be - 
moved fwifter than the Ship, if to the contrary — 
flower: And fo we ought to reafon concerning 
the Motion of the Earth if.it doth move. There- — 
fore, all the Motions which are made from moved 
Places, are only Parts of Whole and Abfolute | 
Motions ; and every entire Motion is compound. — 
.ed of the Motion of the Body from its firft Place, © 
and of the Motion of this Place from its Place , 
and fo on ; till we come to an unmoved Place; as |. 
appears in the above-mentioned Example.Whence 
| A Motions | 
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Motions entire and abfolute can be defined by un- 
moved Places only : And therefore abfolute Mo- 
tions are referred to unmoved Places, and'relative 
Motions to moveable Places.’ But Places are not. 
unmoved, unlefs they all keep:the fame Pofitions 
toone another from Infinity’ to Infinity ; and 
therefore: unmoved Places always abide and’ con- 
ftitute the Space which we: call immoveable?> © 
TheCaufes by which ttue'ard relative Mótions - 
are diftinguiflied from oné another, are the For- 
ces’ imprefféd!;on' Bodies to,’ generate; Motion. 
"True Motion is:neither generated ‘nor'changed ; 
unlefs:by a Force impreffed:on the»Body- it. felf.- 
For fincé anyyPart of Matter whatfoever is in- 
active and'merély paffive; it canfiot be: moved 
— without fome Force impreffed from" fome other 
Place, tor. éhruft fromeits!3State’ without: fome 
Force which'may change its$rate. “But! relative 
Motions! (füéh only.asCafte'ioivns) fray be cene- 
rated':and» changed without? Forces impreffed of 
the Bodies.themfelves. ;cBor it is füfficient 5: if 
Forces. be:limpreffed om other Bodiés j to which 
the ‘Relations : made «to^ ulcer. chatoR elation in 
which:the relative Reft:orMotion of thefe cons 
fit; :if :thofecother Bodies:give way..°'Sd indeed; 
according to Gártes, it is fufficient that che. Earth 
- enly berevólved, in order to:the relative Motion 
of: the Fixed iStcárs ;:and thacithe Earth will be at 
Reft, whileiris carried.round the Sün in the: Solar 
Vortéxsiif ioisin the famé Ambient: Parts'of fübril 
. Matter, altho together with:chofe Parts i¢annual- 
ly petforms:&: Whole; Revolution in the : Ecliptick; 
and i$:abfolutely, moved about the; Sun. Again, 
true; Motion is alwayschanged by. Forces impref- 
fed on the ‘moved Body.. - But ¢elative Motion is 
not neceffárily changed by! thefe Forces: For if 
the fame-Forces are fo Y prio d other e 
An : ALLO 
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alfo to which, there. isa Relation; that the re- 
lative. Situation, be. preferved, that Relation will 
alfo be-preferv'd, ‘in which the ‘relative Motion 
confifts.. As if. a. Syfteni of Bodies be: moved 
among themfelves after what mannér foever, and 
an equal.Force act upon equal Parts-of the Syftem; 
according to. parallel.Lines, altho’ chat;Force re- 
ally changes the true:Motion of every Part, ne- 
verthelefs. i¢ will not-:change the’ relative: one : 
For the, Pofitions and relative Motions fof the 
Parts acting, equally;;and by parallel Lines; will 
remain. among 'themfelves as they :were before. 
Therefore every relative Motion may ‘be changed; 
tho’ the-true be preferyed, (viz. by:the Mutation 
of the; Motions of other Bodies; ):and preferved 
where the true is changed; as appears from the 
laft Example: And therefore. true; Motion, doth 
not confiftin Relations of:any Kindiciiw -- 0j 
_. Thes-prineipal Effect. whereby cAbfolute: and 
Relative; Motions are: diftinguifh'd:óne^from the 
other, is.à Force whereby a-Body:ddparts}odr ens 
deavoursto depart from the Axis ofthe Circular 
Motion. - Foran a-G@ircular' Motion: barely rela- 
tive, this Force is none. at all; butsim actrué and 
abfolute one,.it is greaterior lefs according to the 
Quantity of: the; Motion. Ifa: Backets:i which 
hangs ü&pon:a long:Rops, be: cürn'd round pers 
petually, fo that the;Bottom of) id-always: res 
mains: parallel to: the: Horizon, *iandithe Axis 
of the Motion. perpehdicular thereto; \unril thé 
Rope by twifting! is: become very: ftiff Then 
fill. ic with Water, and det both Bucketiand:Wa- 
ter beat reft ; then by: a-fudden Force! will the 
Bucket turn. about) with a: Motion contrary to 
the former ; and by the Strings untwi(ting it felf, 
it will continue in this Motion. : "TL he- Surfacé 
of the Water will at firft'be plain, and parallel e 
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the Horizon, as before the Motion of the" Veffel : 
But after the Veffel by a Force imprefs’d on 
the Water by little and little, hath at length caus'd 
that the Water fhould begin to be turn'd about 
fenfibly in che Form of a Whirl-pool, as it were; 
it will depart by degrees from the Middle, and 
will afcend to the Sides of the Veffel, putting on 
a Concave Form ; and will afcend with a fwifter 
Motion, more and more, until ac length perform- 
ing its Revolutions in equal Times with the Vef- 
fel it felf, it comes to reft relatively in the fame. 
Now this Afcent fhews an Endeavour of depart- 
ing from the Axis of the Motion. . For although 
the Receffion from the Axis of the Motion be in 
it felf perpendicular to the Axis, yet feeing the 
Veffel doth in that Place hinder the a&ual Recef- 
fion, the Force will be imprefs'd upon the next 
Particles, and become fenfible where it hath 
room ; and becaufe the true Circular Motion will 
be greater in-Particles which are moft remov'd 
from the Center, forafmuch as it is communica- 
ted, to them from the Veffel firft, and chiefly by 
reafon of the greater Circles and greater Celerity 
which is towards the Circumference, the Parts 
more remote, from: the: Center will recede, the 
more from, that Center: ; And thus that Afcent of 
the Water, arifeth from its true Circular Motion, 
and. is meafured by its:Endeavour of receding 
from the Center. And it is to be obferv’d,. that 
the true Circular-Motion is in this Place altoge- 
ther. contrary.co the relative Motion. | For at firft, 
when the relative Motion of. the Water, wich re 
{pect to the Veffel, was the greateft of all, for- 
afmuch as the Veffel was whirl’d about, the Wa- 
" ter remaining almoft unmov'd:; and confequently 
the Water ic felf, which is. contain d, .was mott 
{wiftly,mov-d to. che contrary Part, imrefpe& p 
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the Veffel, without any trae Motion in it felf ; 

then, I fay, that relativé Motion excited ho En- 
deavour.of receding from the Axis ; the ‘Water as 
yet remain'd plain and Level: But after thar the 
Relative Circular Motion of the Water decreas "d, 


LS 


m Ad Ma Fi ‘which Endeavour” thew 
the true Circular Motion, more and more in- 
creafing, until it became the greaceft, Ww! ich was 
when the Water came to reft in the Veifél rela- 
tively. . It is plain therefore, that the faid Endea- 
-vour ‘depends not upon 4 Tranflation ‘of ‘the Wa- 
ter, in refpe& of the Ambient Veffel. (Where the 
Veffel alone is moved, and from thence 3 relative 
Motion only is given to the Water.)' And there- 
fore true Circular Motion is not to be defined by 
fach Tranflations.. "There is only one true Circu- 
lar Motion of every revolving Body, to which 
one fingle Endeavour anfwers, as its proper and 
adequate Effe&: But relative Motions, according 
to divers Relations to divers Bodies, and divers 
Situations, according as this or that Body is re- 


- fpected, are innumerable, and tend towards all 


‘Parts at once ; and as it is’ with Relations in ge- 
neral, are deftitute of all trie Effects; any farther 
than’ they participate. of true Motions. ' From 
whence alfo in their Syftem, who would have thé 
Heavens below the Sphere of the Fixed Stars to 
be turn’d round, and to carry the Planets’ along 
avith them ; the Planets which relatively reft in 
cheir Heavens, are notwithftanding: truly‘ mov'd; 
as well as the Heavens ‘themfelves!"’ For they 
change theit’Pofitions according to theitdfferent - 
Periods of Revolutions,’ which is the Eafe of Bo- 
dies really moved. Aecordinglyt e Stars deus d 
as Parts of the Revolving Sphe es, partake! of their 
Motion, 
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— Motion ,. and endeavour to recede from the 
Axis. . 

Therefore the Relative Quantities, which we 
have now diftinguifh’d.from the true, are not 
chofe. very. Quantities which they are reckon'd to 
be, asthe Space contain’d betwixt the Walls of a 
Chamber, the Diurnal Motion of the Stars, c. 
but they are their fenfible Meafures, (whether true 
or falfe) which are vulgarly made ufe.of inftead 
of the true meafured Quantities themfelves. 
Wherefore, if the Significations of Words are to. 
be defin'd f. om their Ufe, by the Names of Time, 
Space, Place, and: Motion, thefe Meafures are | 
properly to be underftood; and the Expreffion 
will. be unufual and purely Mathematical, if the 

abfolute . Quantities themfelves be underftood? 
And therefore as they do Violence to the Holy: 
Scripture, who there interpret thefe Words, as in- 
tending the abfolute Quantities; fo alfo do thofe 
who from the Reft affign'd to the Earth, and Mo- 
tion to the Sun, in the Words of the Scripture, are 
wont to difpute concerning the true Frame of the’ 
World, contrary to evident Reafons of A ftrono-. 
my and Philofophy ; as they do likewife, if fuch’ 
there be, who from the Words wherein it is pre- 
dicted, That Time [ball be no more, do from thence 
“collect, that Eternal Duration, or Abfolute Time, 
fhall be annihilated, Nor do thofe any whit lefs 
defile Mathematicks and Philofophy, who con- 
found the true Quantities with cheir Relations 
and vulgar Meafures. 

‘Now to know the true Motions of weap and» 
actually to diftinguifh them from the apparent, is 
indeed difficult ; becaufe che Parts of the unmove- 
able Space in which the Bodies are truly mov'd, 
do not encounter the Senfes. Yet notwithfand- 
ing, the Cafe is not altogether defperate ; for we 

ET | 1 have 
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have certain Tokens and Arguments of the fame, — 
partly from the apparent Motions which are the 
Differences of the true, partly from: that Force 
which is the Caufe and Effe& of the true Mo- 
tions, As if two Globes, tied together by a Cord 
ataneven Diftance from each other, fhould be 
rolled round about a Center of Gravity common 
to both, the Endeavour in the Globes of departing 
from the Axis of the Motion, would fhew forth 
it felf in the ftretching of the Cord; and from | 
thence the Quantity of the Circular Motion might 
be computed. Then, if any equal Force what- 
ever fhould be at the fame time impreffed upon the 
Alternate, that is, the diametrically oppofite Fa- 
ces of the Globes, to increafe or diminifh the Cir- 
cular Motion ; that is, if one fhould be imprefs'd 
on one Part, and the other on the contrary Part 
at the fame time, the Increafe or Decreafe of the 
Circular Motion would be feen from the increas'd 
or diminifh'd Tenfion of the Cord. And from . 
thence, at length, would be found, Which are the 
Faces of the Globes on which the Force ought to 
be imprefsd, for the augmenting the Motion 
moft of all; to wit, the hinder Faces, or thofe 
which in the Circular Motion do follow.’ But 
the Faces which follow being known, and by con-, 
fequence the oppofire ones, or thofe which go.be- 
fore, the Determination, of the. Motion will be | 
known. After this manner, both the Quantity : 
and Determination of this Circular Motion might 
be found in any immenfe Vacuum, where there 
is nothing fenfible and external with which the 
Globes might be compar'd. If now there fhould — 
be placed in that Space fome far diftant Bodies, 
keeping a given Pofition one with refpe& to - 
another, fuch as are the Fixed Stars in our Regi- | 
ons; it could not be known from the relative 
ayia COR Men i POS 
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Tranflation of the ‘Globes among(t Bodies, whe- 
ther the Motion were to bé attributed to thefe or 
thofe; like as‘we upon the Earth’ cannot by any 
apparent Motion of the Fixed Stars, determine 
whether ic be the Earth or they that is indeed 
movd: But if thé Cord be minded, and it be 
found that the’ Tenfion thereof is the very fame 
which the Motion of the Globes requird, we 
might conclude that che Motion is in the Globes; 
arid then ac length from the Tranflation of the 
Globes amongtt the other, colle&t the Detetmi- 
nation of ché Motion. -- For feeing that from the 
Tenfion of the Cord, it would be manifeft, that 
the Motion 15 truly in the Globes, and not in the 
remote Bodiés; the Motion of the Globes, as 
' well in refpe& of Velocity as Direction, will ea- 
fily be detérmin'd by thofe Bodies, which are de- 
fervedly now to be look'd upon as unmov'd. And 
in this way we collect the annual Motion of the 
Earth, as being exa&ly proportional to thé Cén- 
tri-petal Force towards the Sun; and likewife éa- 
fily gather the Stability of the Fixed Stars from 
the annual Motion of the Earth. "Then the Mo- 
tion of the Earth, and Stability of the Fixed Stars 
being known, it is as eafy to deduce from thence 
the Velocity and Direction of the annual Motion. 
But in what manner true Motions are to be col- 
le&ed from their Caufes, Effects, aad different’ 
Appearances; and on thé other hand, in what 
manner, from Motions either true or apparent, 
their Caufes and Effe&s are to be gathered, will 
be taught more largely in rhe Procefs. | 

- (1o0.) The Quantity of Matter is the Meafure 
of the fame, arifing from the Denfity and the 


Magnitude thereof conjun&ly. 
\ | 
Da , Air, 
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Air, which is as.denfe again as fome other m 
and poffeffes double, the: Space, is Fourfold of the 
other., And if a Cubic. Veffel contain Air, which 
by compreffion is. reduced. into. a, leffer. Cube; 
the Denfity in the leffer.Cube will be. to. that in 
the .preater, as the greater Cube is tothe lefs ; 
or. dn.the Triplicate.Proportion of the Sides re- 
ciprocally ; and the:;Diftances of the Particles of 
Air. which are like, and in like manner pofited, 
will be in, the. Proportion of the. Cubic. Sides. 
The fame Thing is to be underftood of Snow: and 
Powders condens'd; by Compreffion or Liquefa- - 
&ion ;;and there is the like reafon of all. Bodies 
in whatfoever manner condens’d.. .We have no 
regard in this Place,to; a, Medium pervading che 
Infterftices of the Parts, if there be any fuch. But 
we, fhall call. this, Quantity of Matter, which is 
to. be reckon'd from the Denfity ;and ‘Magnitude | 
conjointly , every where hereafter Body or Mafs; 
And she fame i is known by the Weight of every 
Body ;,for-an equal Quantity of Matter, of what 
fort foever it is, doth equally gravitate;-as is ma- 
nifett by Papen pf Penes ms which have 
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of this, aie | : 
A ) The Quantity of We EE is. the WERT 
of the fame, arifing from the Velocity, and from 

che Quantity e the Matter.conjunétly. — 3 
The 
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The Motion of the Whole is the Sunr of. the 
Motions of all the Parts ; and confequently in a 
Body double of fome other, and movd. with 
equal Velocity, the Motion is Twofold of the 
Motion which. is. in the other.Body ; and in the 
Double Velocity of the greater Body, Fourfold. 
The Quantity.of Matter therefore is equal to the 
Reétangle.of the Denfity drawn into the Magni- 
tude ; and the Quantity of the. Motion equal to 
the Rectangle of the Velocity drawn into the 
Quantity of the Matter.: From which Principle 
the Forces of Machines -are eafily deduced. 
For wherefoever in the Equilibrium of Machines 
a Body is greater, there the Celerity of that Bo- 
dy wil be fo much the leffer ; and where the 
Body is the lefs, the Celerity will be fo much the 
greater ; fo that the Quantity of Motion refulting 
from the Body, as drawn. into its own Velocity, 
is equal on both Sides ; as will be more largely fet 
forth afterwards. 7 is y api ESL ge 
. (12.) The innate Force of Matter is a. Power 
of refiting, whereby every Body, as much as it 
can, perfeveres in. its. own State of Refting, or 
Moving: uniformly. (trait. forwards. in. .a. right. 
This Force, is proportional to the Body, and 
differs nothing from the Inactivity of the Body, 
but in the manner of conceiving it, by which it 
comes to. pafs, that a Body.is not without difficul- 
ty put out ofits State whether of Reft or Motion.. 
From whence, by a very fignificant Name it may. 
be called the; Force of Inactivity. Buta Body ex- 
ercifeth this, Force only, when it is acted upon b 
fome Force from without ; under which: exercife 
of its Innate, Force it is confidered in a. Double 
Refped& sto. wit, as Refiftance and Impulfe. -Refi- 
flance, as. far. as it ftruggles with. the. impreffed 
| ticket ~'- bee S dosi 
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Force} th order to preferve its own State; Im- 
pulfe, as the fame Body by not eafily giving way 
to the Force of the refitting Obftacle, endeavours 
to change its State. Indeed, it feems moft proper to 
attribute Refiftance to quiefcent, and Impulfe to 
moving Bodies ; and I fhould affign any Impetus 
whatfoever, where one of the Bodies is at Reft, 
to the pofitive Forcé of the moved Body, rather 
than to the Negative’ Force of the quiefcent 
one. | 

(13.) The imprefs’d Force is an Action exer- 
cisd on a Body for the changing its State, whe- 
ther of Reft or uniform dire& Motion. 

Thus this Force: confifts in A&ion alone, and 
remains not in the Body at all after the Action. 
For the Body perfeveres in every new State by its 
fole Force of Ina&ivity. Now Force imprefs’d is 
from divers Caufes, as from a Blow, a Preffure, or 
Tendency toa Center. 

(14.) The Centripetal Force is that, whereby a: 
Body is drawn, impell’d, or in forie way or other 
tends to à Center. ! i JP 

- Of ‘this Sort is Gravity, whereby a Body tends 
to the Center of the Earth ; che Force Magnetic, 
or that whereby Iron tends to the Center of the 
Loadítone ; the Attraction or ftretching of the 
Cord to retain the Stone that is whirl'd round in 

aSling. Hither alfo is to be referr'd that Force; 
whatfoever it is, whereby the Planets are conti- 
nually held' back from rectilineal Motions, and 
compell'd to revolve in Curvilinear Ones. The 
Quantity of this Centripetal Force is of Three 
Sorts, Abfolute, Accelerating, and Moving, — 

(152, The Abfolute Quantity of Centripetal 
Force is the Meafure of the fame, greatet'or leffer, 
according to the Efficacy of the Central Caufe, 
which propagates it from the Center’ all 2g | 

m about. . 
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about. Thus the Strength of Magnets is different, 
and greater,Czters Paribus, in the greater Magnet; 
and leffer in the lefs; "The Attraction or Tenfion 
of the Cord greater in the Circumvolution of. a 
greater Stone than in that of a lefs ; and in the 
fwifter Circumrotation of the fame Stone; than 
in a Slower. And thus we may conceive, that 
the Gravitation of Bodies to the Sun, which is: a 
Body fo much greater than che Earth, is greater 
. at an equal diftance than the fame is towards the 
Earth. | | | 

16.) The Accelerating Quantity of this Cen- 
tripetal Force is the Meafure of it in divers Di- 
ftances from the fame Center ; which is proporti- 
onal to the Velocity which it produceth in a given 
time. 216*] 
As the Virtue of the one and the fame Mag 
net (in which confequently the Abfolute Quan- 
tity remains the fame) is greater in a lefs diftance 
chan in a greater ; the gravitating Force in the 
Surface of the Earth is fomething greater about 
the Poles than about the Equator ;it is greater alfo 
near the Surface of the Earth than at a greater 
Diftance from the Center. But this Accelerating 
Force, which is diftin&ly to be noted, is at equal 
Diftances from the Center every where the fame; 
and this in all Bodies whether they. be Heavy or 
Light, Great or Small, Solid or Fluid ; that is to 
fay, if you do here abíftra& from the refiftance of 
the Air. Which Thing is provd: by the equally 
fwift Defcent of all falling Bodies in Tubes‘emp- 
tied of Air ; and from the Motion of all Pendu- 
lums, what Matter or Magnitude foever, vibra- 

ting together in like Circles or Cycloids. 
(17.) The Moving Quantity of tlie Centripe- 
tal Force, isthe meafure of tlie fame Yos casali 
bu b à n ‘ ona 
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onal to the Motion which it generates in a gi- 
ven time. 6 9)0 + ut be oe 
This Force’.is the propenfion of the whole - 
Body ‘towards the Center, which is eftimated by 
the Quantity of the Force contrary thereto, 
which is requird to the hindring its Defcent, 
which is called the Weight. of a Body, and is. 
greater in. à. Body which is greater ; and greater. 
in the fame Body by how much it is nearer to the 
Earth. The ‘Abfolute Quantity therefore of this. 
Force we are treating of, is defin'd from Magni- 
tude, or at leaft from the Strength and Efficacy - 
of the Central Body. The Accelerating is that 
Force as perpetually decreafing in the Increafe of 
the Diftance, and on the contrary. The Moving. 
Force is che Weight it felf ; which arifeth from 
the Body or Mafs drawn into the Accelerating 
Force. From whence the Abfolute Force being | 
given, the moving Force in a given Body. will be 
as the Accelerating ; and the Accelerating being 
given it will be. asthe Body. . Thefe three Forces 
therefore are referr'd to three Things, to Bodies, 
to the Places- of. Bodies, and to the Center of 
Force... The »Motive Force refpecds: the Body 
and). the! Endeavour. and., Propenfion. there- 
of ito the Center, as compounded of the, Endea- 
vours arid Propenfions of allthe Parts. “Lhe Ac- 
celerating refers;to.the Place. of the Body in the — 
Medium as the Efficacy of the fame Abfolute 
Force accorditig’ to divers Diftances from the Cen- 
ter:; and the Abfolute Force refpects the Center or 
Central Body it.felf,as endowed with fome Power, 
without which the moving Forces are not propaga- 
ted round:about,; whether that Power or Caufe be 
theCentral Body(astheMagnet in theCenter of the 
Magnetick Force,) or the Earth in the Center of 
thesgravitating Force, or; be fome other Js 
which 
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which doth not appear. At leaft, this is a Mathe- 
matical Conception, and fufficient for our prefent 
Purpofe;for we do not yet confider thePhyficalCau- 
fes of thofeForces.TheA ccelerating Force therefore 
is to the Motive as Swiftnefs.is to Motion ; for 
- from the fame, as multiplied into the Quantity of 

the fame Matter, pe Moving Force arifes, like as 
the Quantity of Motion arifeth from the Celerity 
multiplied into the Body. For the Sum of the 
Actions of the’ Accelerating Force upon each 
Particle of the Body, is the Moving Force of.the 
Whole ; from whence, where the Accelerating 
Gravity is the fame, the Moving Gravity or 
Weight is as the Body. And inthe fame Body 
where the Acceleration is'diminifh'd, as in the 
upper Regions, the Weight is likewife diminifhed: 
Thus where the Accelerative Force is Twofold 
léfs, the Weight of a Body Twofold or Threefold 
lefs; will become Fourfold ‘or Sixfold lefs. Fur- 
thermore, we call Impulfes and Attractions 'Acce- 
lerative and Motive in the fame Senfe,. ‘And we: 
ufe the Words [Attra&ion, Impulfe, and Propen= 
fion to a Center | indifferently and promifcuoufly; 
We at prefent confidering thefe'Forces noc Phy- 
fically but Mathématically, as was faid before, and 
now fay again, to Caution our Reader from une: 
derftanding usj'as Meaning and Defining Phyfi- 
cal Caufes or Reafons of Motions, or attributing: 
to Centres, which are Mathematical Points; true: 
- and proper Phyfical Force ; when at any timéswe: 
fay that the! Genters. draw 4! ti have: Force jin 

iém.  And.fo far we have given you the Defini- 
tions requifite' to be premis'd to Sir Ifaac Newton's. 
Philofophy::": a 98,1 od3 vd [ln DRG etc 
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9 : s Axioms. or Laws of Motions. 


I: Be V ER.Y Body perfeveres in its own 
MN, "FN. prefent State, whether. it be that 
we E €» Reft, or uniform .dire& Moti- 
Ete dz on; unlefs it be.compelled byfome 
bon - Force imprefs'd,to change that State, 

- Projectiles hold: on their Motion, fo far as they. 

ate not) hinder’d-by the Refiftance of the Air, or 

cheir own Gravity: A Top, whofe Parts by cohe- 
ring continually draw, themfelves from the R ecti- 
lineal Motion, ceafeth not to be whirl'd about; fo 
far asis not retarded. by the, Air; or the uneven- 
nefs of the Surface, on which ir turns. But the 
greater Bodies. of Planets and, Comets maintain 
their Motions, whether Progreífive. or Circular, 
much longer in Spaces lefs refifting... ‘This. Law of 

Motion is indeed..the fundamental.Law ofall; 

and: ismoft evident from the merely Paffive Na- 

ture of Matter ; which makes it naturally as ime 
poffible for a Body. of, it felf. to» ftop its own Mo, | 
tion:once begun; jas.it-is for it to moye ic felf ori- 

.ginally. 45 NSW IRI VIN. 1 ' Dre 
(2). All Motion is of it felf;Re@tilinear. . .., 
For Motion cannot be. conceived, but it muft 

bé directed and. determin'd towards, fome Place or 

other, and it will by che Law foregoing keep the 
fame Direction which it firft had, until it be 
hinder'd or put out of its way by'fome Extrinfic 

Caufe. | 
FOX And 
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"And confequently , ‘whenever any “Body is 
mov'd in a Curve, that Curvature muft needs pro- 


" ceed from External Force; and therefore muft 


ceafe when that Force ceafeth. Which, when it 
doth, then by this and the foregoing Law, the 
Motion will be continued in a Right Line, which 


4s the Tangent of the Curve, at the very Point 


of the faid ceafing Force, or in the laft Recili- 
neal Direction. ^/Thus it is in a Stone: wheel'd 


about in a Sling, which flipping out of the Sling 
35 not now carried forward in its former Circle or 


any Circle at all, but in a Tangent of the former 
Circle; where indeed, by reafon of the Force of 
Gravity, compounded with the’ projectile Force, 


it defcribes a Parabolic Line : But of this after- 


wards. r 

:3:) All Bodies carried about, endeavour to re 
cede from the Center of their Motion ; and. by 
how much the-Motion is the fwifter, chis Endea- 


- vour is the greater. | 


For feeing Bodies do of themfelves tend unto 2 
Reéilineal Motion, or that which is according to 
"I angents of^ Curves ; and: feeing all the Parts of 
the Tangents are further diftant from the’ Center 


. ef Motion; than the Parts of: the Curves, into 


— 


which the Bodies are drawn bythe Centripetal 
Force: «tis manifeft, that that Endeavour of go- 
ing coff according :to Tangents, doth as; much 


"draw ‘back the Bodies from the: Center; asthe 
Cehtripetal Force draws them to it, and is exactly 


&quàl to the contrary Endeavour of the Ce 
petal Force.) ^ | Holton ream 
64.) The Mutation of Motion ‘is proportional 
tóthe moving Force imprefs'd ; and is according 
tó the tight Line in which that Force is imprefs'd. 
If'any Force generates any Motion, a^ Double 
Force will generate a- Double ‘one, a Treble 2 
jo Treble 


ntri- 
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Treblefone:; and this whether the Force be im- 
ow allat once, or fucceffively. 

- And then this Motion imprefs'd, (for as mds 
as/it is.always determin'd to the’ fame Part, with 
the generating Force) if the Body on which the 
Ímprefíion is, was before in Motion, either is ad- 
ded:tc the Motion thereof, as confpiring together 
with it; dr fubdu&ed therefrom; as being contrary 


thereto’ ;: sand thus. itieither increafeth or dimi- 


nifheth the former Velocity. But if the Impulfe 
be oblique, it is added obliquely, and compound- 
ed with the former Motion, according to the Di+ 
rections of both. So that if it were at right Angles; 
the Velocity as confidered in the;firft Line wil 
neither: be increas'd nor diminifh’d. ; 
(5.) Re-a&ion is always contrary and equal; to 
A&tion. That is, the Ac&ions of Two Bodies-a&- 
ing upon each other; : whether they:'be Impulfes 
or. Attra&ions, are always directed; each to: bri 
contrary Part, and are alfo equal. soi. - 
* Whatfoever preffech or draweth another thine, 
is equally preffed.or drawn thereby. \/If you prefs 
2pStoné with youriFinger,: your Finger i is equally 
prefs’d by the Stone. When a Horfe draws a Stone 
tied to:a Rope, the Horfe will equally. be. drawn, 
backito:the Stone? For the Ropéy which is; di- 
ftended..on both Sides,: will, wath the fame Est 
deavour-of relaxing it felf, draw. the Horfe to the 
Stone; asitdoth the Stone to the 'Horfe.; and, will 
(o: much: hindet the; Progrefs, of:one;- as; ic for 
wards the'-Progrefs; of. the other... Hone Body 
dafhing upon another, fhall by its Force. ‘inleny 
forbchange the otlier's/;Motion; it Wwill;'alfa | reci- 
procally. undérgo the like Change in;its. Motion; 
to "the contrary: Part , ‘by, the «Force. of (the 
other; : and -this. iby -reafon: of. mutual; Preilurtt 


But chen by thai Action; arc madeequal Changes; 
not 
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not of Velocities but Motions; to wit, in Bodies 
not otherwife impeded. For Mutations of Ve- 
locities made to the contrary Parts, fince the Mo- 
tions are equally changed, are reciprocally pro- 
portional to the Bodies : We may fhew the Matter 
briefly thusin Attractions. Let fome Obftacle be 
fuppos'd to be interpos'd betwixt the Bodies A and 
B, which attra& each other, to keep them from 
meeting together. If either of the Bodies, as A, 
be more drawn towards B,than B is towards A;the 
Obftacle will be prefs'd more with the A&ion of 
A upon it, than with that of B, and confequent- 
ly will not remain in an /Equilibrium.The ftrong- 
er Preffure therefore prevailing, will make cd 
the Syftem of the three Bodies will be mov'd di 
rectly unto that Part which is from Ato B ; and 
fo in a free Space will be mov'd i» infinitum s 
that Direction, with a Motion continually accé- 
lerated: Which is abfurd and contrary .to the firft 
Law of Motion. For by that, the Syftem ought 
to perfevere in its State, whether of Refting or 
moving right forwards; and confequently the Bo- 
dies will equally prefs the Obftacle, and fo will 
equally be attracted to each other. And the Thing 
is the fame if there be no Obftacle ;. for the 
ftronger Motion will in the Meeting overcome 
the Weaker, and carry beth Bodies to the fame 
Part, and according to its own Direction. Where- 
fore, either there is no Attraction in a Syftém of 
"Bodies where the firft Law hath Place,fuch’as the 
Solar one is, as we fhall hereafter clearty demon- 
{trate ic to be hereafter ; or the Attra&ion is mutue 
al and equal. The Famous Sir Ifzac Newton hath 
made an Experiment of the Matter in the Magnet 
and Iron. If thefe be feparately put in two proper 
Veffels, fwimming clofe to one another in a ftand- 
ing Water; neither will prevail over the we 

Rep ey uc 
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but wich an Equality of Attra&ion on both fides, 
they will fuftain their mutual Endeavours on one 
another, and at lengrh being in Equilibrio will 
be at reft. So likewife, the Gravity betwixt 
the Earth and its Parts is mutual and equal. If 
the Globe of the Earth HEFGKI (fee Fig. 
_ 2. Plate 2.) be divided into Two unequal Parts by 

a Plane GE, the Gravity of the Part EGF, 
' towards the reft of the Earth, will be equal to 
the Gravity of the reft of the Earth towards this 
Part: which is prov’d thus. Imagine the Earth 
to be divided by Parallel Planes into three Parts, 
EGF, HRI, EGKH ; of which EGF and 
HK I, are equal to each other, and lye upon 
the middle Part EG KH. Here it will be mani- 
feft, chat the middle Part E GK H, doth by its 
own Weight incline to neither of the Parts, but 
hangs, as we may fay,in /Equilibrio betwixt both, 
and fo refts. But the Extream Part H KI lies 
with its whole Weight upon the middle Part, and 
urgeth that towards the other Extream Part 
EGE. And therefore, the Force wherewith the 
Sum of the Parts HK I, and EGKH, tends 
towards the Third Part EGF, which is equal to 
the Weight of the fame Parts,is equal to the Third 
Part EGF. | And therefore if che Earth be divi- 
ded by any Plane whatever, as EG into Two 
Parts EG F and E G I, the Force wherewith the 
greater Part E GI tends to the leffer E GF is 
equal to the Force wherewith the leffer Part. 
tends to the greater ; and unlefs thofe Weights 
were equal, the whole Earth would give place to 
the greater Weight, and in yielding to it would 
fly away, and there would no Place be found for 
ic; which, as before, is abfurd,and contrary to the 
firft Law. ; : 


(6) 1f! 
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(6.) If of two equal Bodies, void of Elafticity, 
one of them which is in Motion meets the other 
at reft, upon the meeting they will both be car- 
ried forwards together, to the fatne parr, wich half 
the Velocity of the Body which was moved.. For 
the Body put in Motion, will in the Shock com- 
municate its Motion fo long to the other quiefeent 
Body,till chat moves with the fame Velocity with | 
it felf. For whilft che Velocity of the mov'd Body 
is greater than the Velocity of that which was 
before quiefcent, the former Body will ftill force 
the other, and accelerate its Motion ; but affoon 
as the Body that was quiefcent hath gotren a Ve- 
locity equal to what che moving Body moves with 
it can force it no further,but follows it clofely. And 
thus thé Motion of che former being now equally 
divided betwixt them,it appears that chey are both 
carried with half the Velocity which the former 
had before. — 

(7.) If two equal Bodies, void of Elafticity, 
do dire&ly meet each other with the fame Velo- 
city, they upon the Collifion will both of them. 
refi. o? : | 
For fo much as either of them tends to go for- 
ward it is repelled by the other : And fo chefe 
Two equal Forces, or-Quantities of Motion, 
tending to the contrary Parts, will deftroy one 
another ; whereupon, there being no new Caufe 
of Motion; they muft needs both of them reft. 
In which Cafe , the Motion wholly perifheth, 
contrary to the Opinion of Cartes, who would 
have the fame Quantity of Motion always to re- 
main 1n the World. 

(8.) If two unequal Bodies, déftitute of Ela- 
fticity, meet one another with fuch Velocity, that 
‘by how much the greater exceeds the other in 
Magnitude, by fo much it is exceeded by the ief- 
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fer in Swiftnefs, fo that the Velocities are reci- 
procal to the Bodies; they will both reft after. 
the meeting. | | 

. «For. the Motions which are dire&ly oppofite 
to each other, being as. to the Quantities of chem 
equal, they will deftroy one another, as before. 

(9.) I£. à moving Body ftrike another at reft, 
(but both void of Elafticity ) how unequal fo- 
ever they. bein Bulk and Quantity of Matter,they 
will both move after the fhock with the fame Ve- 
locity towards the fame Parts, as in the Sixth 
Law: And the common Velocity will be fo much. 
lefs than the firft, as both the Bodies together are. 
greater than the Body firft moved.For fince all the 
Motion of the former Body is now divided be- 
tween the two Bodies, the Velocity will be fo. 
much diminifhed, as the Quantity of. Matter to 
be moved is increafed. 

Corollary, Therefore, when the Bodies are gi-: 
ven,there will be alfo given the Proportion of the 
Velocity of the moved Body beforethe Shock, to 
the common. Velocity of the Bodies after the 
Shock. For as both Bodies together are to the . . 
moved Body, fo will the Velocity of the moved - 
Body before the Shock, be. to the common Velo- 
city of both after the Shock. | 

(1o.) If two unequal Bodies, void of Elaftici- 
ty, which are carried with equal Velocity to.op- 
pofite Parts, hit againft one another, the Quantity | 
of Motion in both, taken together after che Col- + 
lifion will be the difference only of the former 
Motions ; for the leffer Quantity of Motion on. 
either Part will be equivalent to an equal Quan-- 
tity of Motion on the other*Part, and as above © 
will deftroy it ; wherefore, there remains only 
the Excefs of the Motion, as the fole Caufe of. - 
it after the Shock. And the Cafe will be juft the 

re "E fame ; 


Mathematical Philofophy. 53 


fame, as if the Body that had the greater Quan- 
tity of Motion, ftruck another at reft with that 
difference of Motions, and after the Shock ought 
to be calculated in the fame manner. 

(11.) If two equal Bodies, void of Elafticity, 
be mov'd with unequal Velocity towards the fame 
Part, upon their Collifion there will remain the 
fame Quantity or Sum of their Motion, but the 
common Velocity will be the half of both the for- 
mer Velocities put together. 

For the Excefs of Velocity will now be divided: 
equally betwixt both Bodies, and fo they will go 

away together with a mean Velocity. | 

(12.) If in two unequal Bodies, void of Elafti- 
city, the Greater overtakes the Leffer, the com- 
mon Velocity, after the Shock, will be greater - 
than half the Sum of the former Velocities. And 
on the contrary, it will be lef when the leffer: 
Body overtakes the greater. For if the Bodies 
were equal, it would, by the foregoing, be juft 
half that Sum. Wherefore it will be more or 
lefs than half, in proportion to the Greatnefs or 
Smallnefs of the hindmoft Body. ) 

Corollary, ‘Therefore the Velocities and: Magni- 
tudes of Bodies before the Shock being given, it 
will be eafy to compute the common Velocity -of 
the Bodies after the Shock. For the Sum of the 
Motions, divided by the Sum of the Bodies, gives 
the common Velocity, when the Motions are 
made towards the fame Parts; or the difference 
of the Motions divided by the Sum of the Bodies: 
gives the common Velocity, when the Motion is 
towards che'contrary Parts... : 

: Scbolium, Thefe are the true Laws of Motion 
in Bodies, which yield fomewhat, but do not re- 
ftore themfelves; or are’ endued with no-elattic 
Force ; and the fame Laws may perhaps hold alfo: 
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in Bodies perfectly hard;fo that they be not Elaftic. | 
But the Rules of Motionin Bodies perfe&ly Elaftic, 
or which reftore themfelves with the fame Force 
wherewith they are compre(s'd,are altogether dif- 
ferent from the former; and therefore require a di- 
ftinct and feparate Confideration. And forafmuch, 
asthe Collifions of thefé Bodies doafford many both. 
difficult and notable Phenomena ; and the famous 
Monfieur Hagens hath undertaken in a pofthumous 
Work ro explicate and demonftrate them ; but 
this indeed not without much going about, and a . 
long Pomp of Arguments and Figures according 
to the manner of the old Geometricians, we . 
fhall deliver the Laws of Motion of Elaftic Bo- © 
dies according to his Order, but in a briefer Me- 
thod and one that is more natural ; that fo Begin- 
ners may be able in fome meafure to comprehend — 
the Certainty and Phyfical Origin: of thefe Laws 5 
the firft and fundamental one of which isthis, —— 
(13:) If a Body perfe&ly. Elaftic dafheth upon 
another Body of the fame fort which is Quiefcent 
and Equal; after the Shock the Motion will be 
wholly transferr'd into that which was quiefcent 
before, and with the fame Celerity, but the © 
Body which was mov'd before, will now reft. | 
For the impelling Body, whether it were Ela- 
fic or no, will by the Sixth :-Law: commu- 
nicate half of its Motion to the other, and. be- 
gin to go along with the other with the fame | 
Pace ; and by its Elafticity, the Force: of which 
is equal to the Force of the diréct Impulfe, it will. 
communicate the other half of its Motion ; from 
whence it comes, that the Motion of the Body — 
before quiefcent, will now be equal to that which | 
the Impellent had: before ; and confequently, - 
that feeing fo much of. Motion asthe Impellent 
transfers to the other, fo much it. lofech of its.— 
t ee! own 
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own Motion, the Motion upon the whole will 
be conveyd into the Quiefcent, the Impellent 
having loft its Motion. | ; 

Corollary (x.) If a greater Body dafheth upon a 
leffer, the former will not reft, but only be mov'd 
more flowly ; and the other which. before retted 
will,in its being mov d,gain a greater Velocity in- 
.. deed than was in the Impellent, but a lefs Quan- 
tity of Motion. | 

Coroll. (2.) If a leffer Body dafheth upon a 
greater, it will not reft but go back; and the 
. Quiefcent. will gain a lefs Velocity indeed, buta 
greater Quantity of Motion than was in the Im- 
pellent. - | 

Coroll. (3.) If a Body, put into Motion, hit up- 
on divers Bodies contiguous to one another, and 
quiefcent, they will all re(t but the laft or furtheft 
of them ; and this will be mov'd wth a Celerity, 
equal to, or greater or lefs, than that of the Im- 
pellent, according as the Impellent Body is equal 
to, or greater or lefs than the laft Body. Thefe 
Corollaries follow naturally from the prefent Law 
- of Motion, and therefore feem to require no fpe- 
' cial Demonftration. 

(14) If two Bodies perfectly Elaftic, which . 
are equal, but movd wich an unequal Celerity, 
dafh one upon another, they, whether they were 
— before carried to the fame part or to the contrary, 
will after the Contact be mov'd each wich that 
Celerity which the other had before... | 
—— For if they tend towards the fame Parts, the 
common Velocity. on both Sides being taken 
away, there will only. remain the difference of 
the Velocities as the fole Caufe of the Change in 
the Shock ; and fince by the foregoing Law that 
Velocity will be communicated to the flower. Bo- 
dy, it follows, that the ftriking Body fhall lofe 

| , bao tna 
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that Excefs of Motion, and the flower Body get — 
it; that is, in other Words but the fame Senfe, 
they will move with each others Velocities, And 
in like manner, we may demonftrate the fame in 
the fecond Cafe, where the Bodies carried to- - 
wards different Parts are fuppofed to ftrike one 
another. For the common Velocity being taken 
away on both Sides, the difference of Velocity, 
which after the Shock tends the contrary way, 
and will not at all change the former common 
Velocity, will remain as before, the fole Caufe 
of changing the Velocity ; which by the forego- 
ine Law will be transferred from the fwifter to 
the flower Body : Whence as before, it will fol- 
low, that elaftic equal Bodies after che Shock will 
move with each others Velocities. Aix Qu 

~ (15.) Any Body how great foever, may be 
moved by any Body how fmall foever, with any 
Velocity whatfoever. This Law of Motion is in- 
deed an Axiom, manifeft in it felf, and wants no 
Demonftration. | | 

' (16) When two Bodies, perfectly Elaftical, are 
daíh'd one upon thé other, they depart from one © 
another with the fame Celerity wherewith they | 
approach d one tothe other ; that is, not with the 
fame abfolute Celerity perhaps, but with the famé - 
relative Celerity. This Law indeed is the Foun- 
dation of all thé following Laws of Motion. The 
‘Thing was before prov'd concerning two Elaftical 
Bodies which are equal,when it was demonftrated, - 
that in their departure from each other, there are 
the fame True and Abfolute Celerities on botli 
Sides, the Seats of them only being chang’d. And 
therefore it is neceffary, that the Relative Veloci- — 
ty of departing from one another be the fame 
with that of coming towards one another. Now . 
concerning Bodies unequal it is thus fhew'd. Ifa 
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greater Body ftrikes a leffer, which 1s either qui- 
efcent, or at leaft moved flower, it will commu- 
nicate fome of its Motion to the quiefcent or. 
flower Body ; and the Elafticity being laid afide, 
it will not reft ; and by fuch Communication to- 
gether with the quiefcent or flower Body it will 
continue to go on with a dire& Impulfe, and alfo 
by the Elaftick Re-action accelerate that quie- 
{cent or flow Body, until it recede from it felf 
with the fame Velocity, by which it had with- 
ftood its Motion, and compreffed its Elafticity ; 
thatis, by which it felf approached the other. 
Indeed, the greater Body muft neceffarily im- 
prefs chis Velocity on the leffer ; but it cannot 
imprefs a greater; (altho the leffer Body of it 
-felf is capable of a greater:) for as foon as the 
quiefcent or flower moved Body hath gotten a 
Degree of Velocity equal to the Impulfe or for- 
mer Relative Velocity, it will fly thence, and 
will fuftain no farther Impulfe whatfoever. But 
if a leffer Body ftrike a greater, either quiefcent 
or moved flower, it is impoflible the leffer Body 
fhould imprefs the whole Excefs of. its Velocity 
on the quiefcent or flower Body, (for that will 
be in that Cafe only where the Bodies were equal, 
as we juft now faw in the r3th and rath Cafes.) 
But in the Communication of the Motion, the 
Excefs of the fwifter is loft, even when the Ela- 
fticity is not confidered. And while the Bodies 
go on together 1n that manner, the hindmoft will 
react on the foremolt until they are feparated with 
the fame Relative Velocity, with which at firft 
they came together ; for in this, and only in this 
Cafe can che Elaftic Force be equal to the Impulfe ; 
or rather fo far, and no farther can the leffer Body: 
füffer.the Re-a&ion. as in the former Cafe. But 
in thofe Bodies which mutually ftrike one um 
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the common Velocity from both, fo that it will 


ee | 
| 
| 
| 


ther with unequal Velocities, we muft take away 


| 


| 


generate the fame Velocity after the Shock but - 


the Seats changed ; but then there will be left on- 
“ly the difference of the Velocities,as the fole Caufe 
to change the Velocity ; which Caufe indeed 
will not ceafe, but in Acting and Re-ading, the 
Bodies will depart from one another with the 
fame Relative Velocity, with which they came 


together. And the Matter will every where de- - 


pend on this, that the Elaftick Forces, every 
where equal to the impreffed, produce their 
Whole and Pure Effe&s only ; which cannot be 
done any otherwife, than if the Relative Velocity 
of Receding, exa&ly anfwer to the Relative Ve- 
locity of approaching. 

(17.) If two Bodies perfe&ly Elaftical, do each 


return to the Impulfe with the fame Celerity 


wherewith they rebounded from it ; they will 


each of them, after the Second Impulfe, require : 


the fame Celerity as they had before the firft 
Meeting. For by reafon of the given Quan- 
tity of the Stroke in the Collifion, there will 


be given therewithal a certain Re&angle, whofe | 
two Factors are the Diftances from the Point of 


Concourfe, both the primary diftance, and that 
to which they return on both Sides after the 1ft 
Conflict ; if therefore we divide the Rectangle by 


the firft Diftance, there will come forth the fe- 


cond: Diftance as che Quotient ; and if, we divide 


it by the fecond Diftance we fhall obtain the firft — 
Diftance for a Quotient; and fo perpetually. | 


From whence it follows, that thofe Diftances as 
defcribd in.a given time, or the Velocities of 


coming to, and receding fromi one another, do . 
anfwer to each other mutually, and follow one . 


upon the other, 


(18.) In 


* Ow 
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(18.) In two Bodies which meet one another, 
whether they be Elaftic or not Elaftic, chere doth 
not always remain the fame Quantity of Motion 
as was before, but it may be greater or lefs. This 
Propofition, which dire&ly contradi&s Cartes, we 
deduced out of the Seventh Law, 2s to Bodies not 
Elaftic ; and ic follows out of the lat Law fave 
one, concerning Bodies Elaftic. For feeing the 
Quantity of Motion is eftimated from the Cele- 
rity drawninto the Matter ; and feeing in Bodies 
howfoever unequal, and unequally mov'd, the 
thing is indeed ‘thus, that the Sum of their Velo- 
cities, or the Relative Velocity remains given, the 
Cuantity of Motion will be very unequal, as the 
greater or leffer Body gains greater or leffer Part 
of the entire refpective Velocity ; as will more 
clearly appear from that computation of Motions 
which will prefently follow. | 
- (x9.) If a Body perfe&ly Elaftical, which is 
greater, meets a leffer one which is quiefcent, it 
will give a Velocity to ic lefs than the double of 
is own. For feeing, after the Impulfe, the Bo- 
dies ought to be feparated from each other with 
the fame refpective Velocity, with which they 
came to one another, that is, in the prefent Cafe | 
with the Velocity with which the greater was | 
movd before the Impulfe ; if the Velocity of the 
quiefcent Body. were double to the Velocity of 
the Body incurring, then after the Motion com- 
Tunicated to the Quiefcent, the Impellent ought 
to go forward with the fame Celerity, which it 
had before, withoüt any diminution of it: which 
is abfurd. | | | 
" (20.) If two Bodies. perfe&ly Elaftic, the Ce- 
lerities whereof are in reciprocal Proportion to 
their Magnirudes; meet ene anothér dire&ly and. 
oppofitely, they will both rebound with the fame. 
io  Celerity 
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Celerity with which they came to each other. 
For feeing the Force which arifeth from the mere 
Impulfe of Bodies without any confideration of 
the Elafticity, is on both Sides equal, they by the 
Eighth Law will mutually fuftain and deftroy 
each other; fo that there will remain -no Caufe 
of Motion but the Elaftic Force ; which feeing 
it is on both Sides equal will beget equal Moti- 
ons on both Sides; and confequently both the 
Bodies will rebound with the fame Celerity which 
they had before. 
Scholium, A Problem. There being given two 
unequal Bodies perfectly Elaftic meeting one ano- 
ther dire&ly, both of which are mov'd or one 
only, and the Celerity of both, or of the one, if 
only one be mov’d, being alfo given,to find the Ce- 
lerities with which both are mov'd after the Meet- 
ing. Let it be made thus, as the Sum of the Bo- 
dies, is to the Double of the Second Body, fo is 
the given refpective Celerity of Approach to the, 
other Celerity. The Difference betwixt this laft 
found Celerity, and the Celerity of the firft Bo- 
dy before the Impulfe (or in one Cafe the Sum 
of them, to wit, where the firft Body in the Mo- 
tion goes before) will give the Celerity of the firft 
Body after the Meeting ; which Celerity being 
- fubduded out of the whole refpe&ive Celerity 
given, the remainder will be the Celerity of the 
fecond Body after the Meeting. Which Rule is 
thus demonítrated. The Velocity of the firft 
Body after the Meeting will be the Difference 
betwixt the Velocity of the firft before the Meet- 
ing and the whole Velocity, where the Bodies 
are put to be equal, fo that the Sum of the Bodies 
is equal to the Double of the fecond Body, as 
appears from the r4th Law : It is therefore ma- 
nifeft, chat all the Difference, that is, the Mois 
| No ! 0 
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of the firft Body after the Meeting, doth arife 
from the Difference of the Sum of the Bodies, 
and the double of the fecond Body ; and confe- 
quently is proportional to the fame. Which. is 
the very Thing that the prefent Analogy fup- 


pofeth. ! | | 
For Example: Let the firft Body be moved to- 


wards the right Hand with the Celerity of Six. 


Parts ; and the fecond to the contrary Part with 
the Celerity of Four Parts: Let the firft. Body 
alfo be quadruple of the fecond Body. The re- 
fpe&ive Velocity therefore of approach will be of 
10 Parts, 6-|-4— 1o. And the Sum of the Bo- 
dies will be of Five Parts. It will therefore be 
thus : as the Sum of the Bodies — 4 isto the 
Difference of them— 2; fo isthe whole refpe&ive 


. Velocity—ro to ^7? = 4 ;the Difference of which 


Velocity, and of the Velocity of the firft before 
the meeting—2, will give the Velocity of the firft 
after the meeting. From whence the Velocity of 
the fecond after the Meeting will be found to be 
of Twelve Parts, QE I. | 
But if the other Body doth reft, the Celerity 
thereof after the Meeting will eafily and immedi- 
ately become known by the former Analogy. 'To 


- wit, if the greater Body in the former Example 
be put to be unmov'd, the Motion thereof will 
immediately be found thus. For as the Sum of 


the Bodies = 5, is to the Double of the fecond 
Body — 2; fo isthe whole refpe&ive Velocity 
— 4, to the Velocity of the Second after the 
Meeting = 5! — $or. Forthe Difference be- 
twixt the Celerity of the firft Body before the 
Meeting, which was none at all,and this Celerity, 
will be the very Celerity of the firft after the - 
Meeting, and confequently the Velocity of the 
fecond will be Parts % or 72. 

Ta (21.) The 
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(2r.) The Celerity which a greater Body per- 
fe&ly Elaftic, gives to a leffer perfe&ly quief- 
cent which is perfe&ly Elaftic, hath that Propor- 
tion to chat Velocity, which the leffer moved with’ — 
the like Celerity gives to the greater which is qui- 
efcent, which the Magnitude of the greater hath _ 
to the Magnitude of the lefs. For by reafon of ' 
the given refpe&ive Velocity in both, and thé’ 
Sum of the Bodies alfo given, the Computation 
will be alike in both Cafes ; to wity as the given 
Sum of the Bodies 1s to the given refpective Ve- 
locity ; fo is the double of the greater Body or 
the double of the leffer to the fought Velocity. : 
The Velocities therefore are’ as the Bodies, 
QED. oat 

Scholium, We fhall in this Place, by way of 
Corollary, annex the three remaining Theorems of. 
Hugens hitherto belonging, (albeit the Demon- 
ftration of them is longer than agrees to this’ 
Place) both becaufe they are in themfelves moft: 
noble Theorems,, and becaufe, they may fuffici- 
ently appear manifeft from a Calculation taught’ 
under the foregoing Problem. | 

(1.) Two Bodies perfe&ly Elaftic meeting one - 
another, that which is produc'd from drawing the 
Magnitudes of each into the Squares of their re- 
fpe&ive Velocities, being added together, both be- 
fore and after the meeting of the Bodies, will be 
found equal on both Sides; if to wit, the Pro- 
portions both of the Magnitudes, and of the Ve- . 
locities, be exprefs’d in Numbers or Lines. — i. 

(2.) If any Body perfe&ly Elaftic, meets ano- 
ther Body which is quiefcent, whether greater or 
lefs ; it will givea greater Celerity thereto, by an - 
interposd Elaftic Body of a mean Magnitude, 
which is likewife quiefcent, than if ir hit upon 
it without the Interpofition of the other Body : 

And 
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And it will confer upon it the greateft Celerity 
of all, if the interpos'd Body be a mean propor- 
tional betwixt the Extreams. j 

(3.) By how much the greater Number of Bo- 
dies perfe&ly Elaftic, is interpos'd betwixt two 
unequal Bodies perfe&tly Elaftic, whereof the one 
refts and the other is mov'd, by fo much the great- 
er quantity of Motion will be produced inthe qui- 
efcent Body : But the greateft Motion of all will be: 
convey d through the Multitude of the interpos'd 
Bodies, if the interpos'd ones, together with the 
Extremes, do confticute one continued Series of 
Geometrical Proportionals. 

And it is to be noted, that it appears from the 
two laft Theorems, according to the Author's 
Computation ; that if there be given an xoo Bo- 
dies placed in a Line, which are in a double Pro- 
portion, and the Motion begins at the greateft, 
the Celerity of the leaft will be to the Celerity of 
the greateft, as 14,760,000,000 to r or there- 
abouts. Butif the Motion begins with the leaft, 
the Quantity of the Motion will be increasd in 
the End, in about that Proportion which 1 bears 
to 4,677,000,000,000. Where in the former Cafe 
is feen a moft prodigious increafe of Celerity ; 
and in the latter, a more ftupendious Augmenta- 
tion of the Quantity of Motion. 

But to conclude, what things Hugens afferted 
(that I may advertife this at length) concerning 
all Bodies, or at leaft concerning all Bodies per- 
fe&ly hard, we have all'along with our Famous 

Mathematicians Wallis and Newton, demonftrated 
Of Bodies perfe&ly Elaftic only. Nor certainly, 
oughtthey to be otherwife underftood or affirm'd. 
Forthe Laws of Motion which agree to Bodies 
not Elaftic, are for the moft part altogether dif- 
ferent from thefe, as is abundantly pn 

rom 
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from what hath been faid, and therefore ought in 

no wife to be mingled together with the Laws of 
Elaftics. But as to what concerns Bodies imper-. 
fe&ly Elaftic, we fhall deliver their Laws out of 
the famous Newton in the following Lecture. 


May 8. 1704. 
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Law. 8 SE VER Y Body will in the farne. 
(22.) Time defcribe the Diagonal of 4. 
ao E €» Parallelogram .with Forces con- | 

' a jun&, that it would do the Sides 

2 e 

| a with thofe Forces feparate. | 
(In Fig. 3. Plate 2.) Let the Body A be carried. 
ina given time by the fingle Force A B,imprefs'd- 
according to the Direction of the Line^A B; from- 
Ato B; and by thefingle Force A C imprefs’d’ 
according to the Line A C let it be carried in the’ 
fame time from A to C ; and let the Parallelo-- 
gram A B D C be compleated ; I fay, that by’ 
both the Forces imprefs'd together, it will be car- 
ried in the given time from. A along the Diagonal: 
unto D. For becaufé thefe Forces iniprefsd to-. 
gether are not oppofite one to the other, they can’ 
ir no wife deftroy one another, but will beget a. 
certain Motion which is in the middle betwixt. 
both. For feeing the latter Force A C, ads ac-- 
cording to the Line A C, which is Parallel and | 

Equal to B D, this Force ought not at all to: 
change the Velocity of coming to the Line BD, , 
which is produc’d by the former Force. There 
the- 


DW 
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the Body will come in the fame time to the Line 
BD, whether the latter Force be impreffed or 
no; and :confequently the Body, in the End of 
the given time will be found fomewhere in thac 
Line BD. And by the fame Argument, fince 
the former Force A B, acts according to the 
Line A B, which is Parallel and Equal to C D, 

this Force ought not at all. to. change the Veloci- 
ty of coming tothe Line. C D, which was gene- 
rated by the latter Force. ‘Therefore the Body 
_would come in the fame time to the Line C D, 
. whether the. former Force were imprefsd or no ; 
and confequently in the End of the given Time 
will be found fomewhere in that Line C D. And 
therefore it is neceffary, that in the End of thac 
-time the Body. fhould be found in D, the Con- 
 —eourfe of the two Lines BD and CD. Fur- 
. thermore, feeing the fame Thing may in alroge- 
ther the fame manner be demon(trated of innu- 
merable Points d, d, d, &. in the fame Diagonal. 
. Line ; itis manifeft, that the Body with thefe 
Forces conjoin'd, ought always to defcribe this 
Diagonal Right Line. Q.E.D. | — 

Coroll. (1.) The Forces being given, the Velo- 
city arifing from the Conjunction of them will be 
fo much the greater, by how much the Dire&ions 
- of the firft Forces do the more confpire together, 
or by how much the Angle B A C is the lefs ; 
-and fo much the lefs as the Directions of thofe 
Forces are the: more oppofite to one another, or 
the Angle B A C is the greater: And the Velo- 
city of both Directions which tend to go accord- 
Ang to the Parallel Lines AC, BD, and AB, 
C D, parallel to the Lines B Dand CD, orany 
others whatfoever, is in no wife chang by the 
-conjun&ion of thefe EM, but always remains 
Àj ey 3 the 
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the fame, as is manifeft from what has been de- 
monftrated in this Propofition. «A IE 

Coroll. (2) The fame Diagonal Line A D, 
may be defcrib'd from the conjunction of innu- 
merable Pairs of Forces. Thus, if inftead of — 
the former Force AB you fuppofe another, to 
wit AE; and for A C put AF, and then com- 
pleat the Parallelogram A EDF, the Line A D . 
being the common Diagonal: The Body A from - 
the conjunction of thefe Forces will defcribe the 
fame Line A D which it did before, as is mani- | 
feft from the Propofition. And there is the fame — 
Reafon for any other Pair of Forces whatever, 
by which the Sides of a Parallelogram, whofe | 
Diagonal is A D, ought to be defcrib'd. 

Coroll, (5.) Therefore the Forces ‘being given 
both in Magnitude and Direction, there is alfo | 
given one right Line to be defcrib’d, to wit the 
Diagonal of a Parallelogram : but the defcrib'd 
Line or Diagonal being given, the Forces are not — 
thence given, nor the Directions by which that - 
 Parallelogram was defcribd. For che Sides of a . 
Parallelogram being given, and the Angle in- 
cluded, there is given therewithal the Parallelo- . 
gram it felf, and confequently the Diagonal of — 
that Parallelogram ; but a Line being given in : 
Length and Direction for a certain Diagonal, the | 
Parallelogram it felf is not from thence given ; to | 
wit, bécaufe the Line may be the Diagonal of | 
innumerable Parallelograms. For as the Sides of | 
the Parallelosram, without the included Angle, . 
do determine no certain Diagonal ; fo neither | 
‘doth the Diagonal without the adjacent Angles | 
“determine any certain Sides. — ~ MAT: Sean 

Coroll. (4.) Where the, primary Forces B A, : 
BD (fee Fig. 4.Plate.2.) are equal,and comprehend | 
"the Angle A B D of 120 Degrees, the Velocity 
refulting from the conjuné Forces, will be the 
fame ses 
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fame as that of either. of the feparate Forces; 

and the Dire&tions of the’ Force only ‘will be 
.ehang d; {oy fu chis ‘Cafe the Triangles ABC 
and, B.C/D ‘will be Equilateral, and compofe a 
“Rhombus } ‘andthe Diagonal therefore B C will 
be equal to either of the Sides. | 
~ Coroll. (§.) Where the primary Forces are equal, 
-and.the Angle included by the Sides is a right 
Angle, the Velocity arifing from the Forces con- 
"join'd will be incommenfurable to either of them 
-feparate ; to wit, becaufe the Diagonal of a 
' Square is incommenfurable to the Side. 
^ —Scbolium, What has been fpoken in this Pro- 
fion , and its Corollaries , concerning real 
Motions and Velocities, is to be applied to any 
"Endeavours or Tendencies to Motion what- 
“ever. Thus, if the Body A in the former Figure 
"be impell'd by two Forces, which have that Pro- 
! portion amongft themfelves,which the Lines A C 
.and AB have, and alfo are impell'd accord- 
-ing to the Directions of the fame Lines, or be 
"pref$d, or drawn in thofe Directions, or any 
.other way tend according to the fame, although 
,Bétual. Motion fhould not prefently follow by rea- 
fon of fome Obftacles, yet notwithftanding the 
Impulfe or Force arifing from the conjoin'd For- 
‘ces, tends according to the Direction of the Dia- 
"gonal A D ; and the Velocity to be produced is to 
(be exprefs'd or reprefented by the Line AD; as 
will more eafily be underftood from what fol- 
lows. 1 oer ee tery: MEM ii ans 
- (23. All Forces and Motions whatever may be 
.refolv'd into innumerable Forces and Motions ; 
.and on the contrary, dire& Forces, and réétili- 
‘near Motions, may.be compounded of innume- 
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‘rable oblique Motions and Forces. 
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‘Thus in the former Figuré, the Line and Dire- 

; &ion of the Motion is the fame, whether it be 
compounded of the Forces A B, A C, or of the 
Forces A E, AF, orarife from one fingle Moti- 
on imprefs'd according to the Line A D. And 
'on the other Hand, any Motion whatever along 
the Line A D, although it may arife perhaps from 
one fingle Force impelling right forward, yet 
may be confidered as compounded of A B, A C, 
or AE, AF, and innumerable other the like ; 
forafmuch, as the very fame Motion would arife 
from all thofe combin'd Forces. . And in the 
fame manner are we to reafon of. Motions more 
compounded. .For in the firft Place, háving con- 
fidered.a Diagonal Line as refulting from. two 
~ . Forces combin'd ; we may then reduce thofe two 
unto one fingle Force, and conceive a third Force 
asfuperadded ; which being join’d to the former, 
will.produce a Motion along another Diagonal of 
fome fecond Parallelogram, and then may we in 
our Conception fuperinduce a fourth Force, and 
after chat a fifth, and fo on infinitely. Nor can in- 
deed any direct Force, where there is occafion to 
refolve it into more, be otherwife refolv'd than 
thus, Now this. Compofition and Refolution of 
Forces occurs very frequently, and is abundantly 
.. confirm'd from Mechanics, as we fhall now fhew 

with eur Author. . PEN | Me 
If unequal Rays OM, ON (fee Fig. 5. Plate 2.) | 
going forth from O, the. Center of fome Wheel, 
do. by the Threads M A, NP, fuftain Weights 
in Equilibrium, and the Forces of the Weights 
unto the moving of the Wheel be requird : 
Throvgh the Center O let the Line KOL be 
drawn, meeting the "Threads which fuftain the 
Weights perpendicularly ; and from the Center | 


O with OL, the greater Interval of the two 
| | OK 
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© K, OL, let there be defcrib’d a Circle meeting 
the Thread M A in D ; then, through O and D 

“let there be drawn the right Line OD, to which 
let DC be perpendicular, ‘and AC Parallel ; 
and let the Parallelogrdm DC'A be compleated. 
Now ‘becaufe it nothing matters, whether che 
Points of the Threads K I'D be faftned or not 
faftned to the Plane of the Wheel; the Weights 
will be of the fame Force, wbether they be hang 
ed on the Points K and.L, orchofe D and LE ;° 
for (fetting afide the Weight of the Thread) the 
Gravity of the fame Body i5 the fame wherefo- 
ever the Thread, is fixed, fo it be in a Line per- 
pendicular to the Horizon: Let therefore thé 
whole gravitating Force at’ A be reprefented by. 
the Line A D asthe Diagonal ofa Parallelogram, ' 
that from the Proportion of the Diagonal to the 

_ Side of the Parallelogram, we may come to know 
where it is, that one óf the Forces is none at all. | 
Now. that whole Force which A D defigns may : 
be refolv'd into ihnumerable Pairs of Forces, but 
feeing others'are foreign, to our Purpofe, let it be 
réfolv'd into: De (or A €) and DC ; the one” 
to wit according to the direction of the protracted : 
Radius D O; the other Perpendicular to the fame 

Radius. One of thefe. Forces A C ot € D, by : 


ex NI s v oe 


PRS atin) is of nó. "force. at all "ail | 
the ‘moving the ‘Wheel ;'but the other Force 
DC which draws the Radius. DO perpendi- ° 
cularly, is of the fame Force’ as if ic drew the * 

adius OL, "equal toO D perpendicularly : 
But) feeing ‘the Wheel doth by.the Hypothefis 
rett in Equilibrio, the Weight. B will be to: the. 
Weight ‘Aj as the Force D C is.'to the. iure 
DA. For, dd whole Force. of. the Weight P 
D ru pu ~~ “draws 
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draws the Radius OL perpendicularly, and fo. 
confers its whole Force to the moving of the . 
Wheel ; but only that Part of the entire Weight , 
A repr efented by the Line A D; I fay, only that. 
Part of this Weight which is expounded by D Cr (1 
draws the Radius O D, which is equal to .O T. 
perpendicularly , . the Force of the other. Part- 
which tends according to the paul O being, 
wholly loft ; that Part AERE C .only. ava ils 
to the moving of the Wheel. . Since. therefore; 
becaufe of the Equilibrium füppos' d on both Sides, * 
the. entire Force of the Wei she: Pi is equivalent . 
only toa certain, Part. of the? "DH A, to, Wits £0. 
D C;at is manifett,, that the Weight. A nent to,” 
be,. fo much greater ‘chan, the W WOO P, by; -how.. 
much the Diagonal, D A is. greater t in. the-Side 
T)C ;and that. becaufe of the Declination. i 
the Body ‘A from. the. PPRBéDR PS DG... 
therefore the We ight Ais to Pe, x Weight , P, jns 
is DA to DC; "that 5:5 becaufe 6 “of like : dre, 
angles AD C, DOK, as OD or. OL is t e! 
OK, therefore the. Weights O ánd- P. Which are. | 
reciprocally as the Rays OL and OK. Sich. 
are placed in a ftraight Line, will'be of, the. fame. | 
Force.on both, Sides, and confequently, fland in. | 
an Equilibrium. And this indeed. 15, the moft. 
known, ahd the fundamental. Property of, em 
Balance , . Leaver , , and Axis’ in. Peritro: f 
which from the refolution of Forces is is.. RB te 
monftrated. But if, either. of the. Weights be: 
greater than in this Proportion, its: yitropger bon | 
will prevail, and fuffice co move the Whi ; But; 
if the Weight z, equal othe Wel ight P deg artlyy — 
hangd upon thé Thread N z, ii dorhg ylye,. . 
upon the Oblique Plane 7 G; let N | v. Il; 
be drawn, the former. ‘Perpendicular: to othe Horie; 
Zon, the latter to the Plane *G ; an let the Pa- — 
| rallelogram  — 
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rallelogram *NRH be compleated. And if the 
entire Force of the Weight = tending downwards, 
be reprefented by the Line NH, ic may be re- 
folv’'dinto'the Forces 7N, RN. Now if tothe 
Thread +N; fome Plane as 7 Q. were perpendi- 
cular, cutting the other Plane 7G ina Line pa- 
rallel to the Horizon, and the Weight lay whol- 
ly upon thefe two 7 Q, 7G ;the Weight z would 
prefs thefe Planes perpendicularly, to wit 7 Q 
by the Force 7 N, and the Plane 7 G by the Force 
RN. And therefore if the Plane 7 Q fhould be 
taken away, that the Weight fhould ftretch the 
Thread, becaufe.the Thread doth now by fu(tain- 
ing the Weight fupply the Place of the Plane 
which is taken away, it will be ftretch'd with the 
fame Force x N wherewith the Plane was before 
prefsd. From whence the Tenfion of this Ob- 
lique Thread will be to the Tenfion of the other 
perpendicular "Thread. PN, as z N isto NH3 
and therefore if the Weight & be increas'd in the 
Proportion of. NH to.N 7,. it will fuftain the 
Weight A, and. the Wheel will not be mov'd. 
From whence, if the Weight 7 be to the Weight 
A in the reciprocal Proportion of the leaft Di- 
ftances of their Threads AM PN from the 
Center of the Wheel, oras KO to OL, and 
alfo in the dire& Proportion of NH to zN ; 
that is, joining both Proportions together, as the 
Rectangle KO x NH. to the- Rectangle O.L 
x 7N, the Weights willbe of equal Force. to 
. the moving of the Wheel ; and confequently they. 
will fuftain each other in an Equilibrium, as any 
one may eafily find upon Tryal. 

Corollary (1.) From hence we may difcover a. 
new way for meafuring all leffer Weights from one 
given Weight. For if the Plane « G, perfe&ly 
polifh'd, be placed gradually at divers Degrees of 

T po Inclinatioa 
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Inclination, the fame Weight * or P will be equi- 
valent to divers Weights whatfoever lefs thane. 
felf ; to wit, in the Proportion of the Line +N 
to HN. And confequently, if a Table fhould 
be made, of the Proportions of the Lines 7 N and 
HN in the divers Degrees of Inclination ; ic will 
be eafy from the Inclination of the Plane TG; 

and one only given Weight 7 or P to examine 
and determine the Weights of all Bodies lefs chan 
v or P. 

Coroll. (2.) Hence likéwife we may eftihate the 
Velocities or Weights of Bodies; defcending or 
| INR. inany Plane whatfoever : Let A B be 

the inclining Plane,and (fee Fig. 6: Plate 2.)of the 
Body defcending along that Plane, or leaning up- 
on it ; let the entire’ Force of its Gravity be re- 
prefented by the Line df perpendicular to the. 
Horizon ; and let/that whole Force be refolv'd 
into two Forces f c, and fe, of which let the one 
be perpendicular to the inclined ‘Plane, for the 
bearing of which thercfore that Plane série 
fufficeth ; and let the other be: put Parallelwi 
with refpe& to the inclined Plane,. which there- 
fore is fitted for exciting a Motiony-or at leaft 
for procuring an Endeavour towards» Motion: 
without any Impediment. ‘The Motion therefore 
. or Weight in the inclined Plane, i: to the Motion 
or Weight in the Plane perpendicular to the Ho-« 
rizon, as the Side fg'is to the Diagonal Line 
fd; that is , becaufe of the likenefs of the Tris 
angles fed and ABC as.A C is to A B, or 
_as the Radius is to the Secant of the Angle: BAC; ^ 
which is a Propofition very well: known: in Me- 
chanics. 

Coroll. (3.) From Hende alfo ani ett of the: 
‘Wedge appears. Let (Fig. 7. Plate 2.) CC A bea 


Wedge ftruck by a Mallet with a dire& Blow ; ee 
the 


1 
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the whole- Force. of the Stroke. be expreffed by 
the Line DA; and let it be refolv'd into two 
Forces D Q and DR ; the one of which let be 
perpendicular to the Face of the Wood C A, 
and confequently dire&ly fet. to remove the 
fame Face, and the other D R parallel to the 
fame Face, and confequently pofited to go for- 
ward dire&ly ; and let the fame be underftood 
of the other half of the Wedge DAC. The 
removal. then of the lateral Obftacle , accord- 


ing to the Line DQ, is to the Progrefs of 


the Force downwards, according to the Line 
DR, as DQ isto D R ; that is, becaufe of the 
Triangles DO A, DC A, which are like, as 
D C isto D A ; or the force of the other Part 
being computed, as C C isto DA; which al- 
fo is. à. moft. known Property. of a Wedge, and 
univerfally receiv'd in Mechanics. Or, if. we be 
minded to difpatch the Matter with Sir Ifaac 


' Newton out of what. has been before demonftrated ; 


The Weight 7, in thelaft Figure fave one, lying. 
upon the two oblique Planes 7 Q, 7G, will have 
the Nature of a Wedge betwixt’ the interval Fa- 
ces of the cloven Body ; and from thence the 
Force of the Wedge. and Mallet will be known. 
for the Force wherewith the. Weight. 7 preffech: 
upon the Plane.7.Q, is to the, Force wherewith 
the fame is impell’d,, either. by its own Gravity, 


or by the Stroke of the Mallet, according to the 


Line perpendicular.to the Horizon, as 7 N is. to 
NH ; and is,to,the Force wherewith it prefleth 
upon the other Plane 7G, as 7 N is to NR. 
Nay the Force of the Screw likewife may be col-- 
le&ed by the like divifion of. Forces, forafmuch 
asthe fame, in our z4utbor's Opinion is a Wedge. 
forced by a Leaver. pee 


Schidlium, 
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Scholium, The ufe therefore of this Compofiti- | 
on and Refolution of Motion, appears of very 
wide Extent, and from its Clearnefs demonftrates 
its own "Truth, fince all the Mechanic Science, 
which is diverfly demonftrated by Authors, de- 
pends upon the Things which have been now 
{aid : For from thefe are deriv'd the Forces of the 
Machines which are wont to be compos'd of 
. Wheels, Screws, Leavers, i 
and Weights, afcending dire&ly or obliquely, and 
the. reft of the Mechanic Powers; as alfo. che: 
Force of Mufcles for moving the Bones of living 
Creatures, - Ji 


Oftob. 23, 1704. 


d HERI 
Lect. VII. 


(t » HE Quantity of Motion which 
ü EUN is colle&ed, by taking the Sum: 
ki Se of Motions- made to the fame 
® Part,and the difference of thofe 

| at made to the contrary Parts, is: 
not chang'd by the Actions of Bodies one upon. 
another. 

‘For Action, and the contrary to it Rest ents | 
are equal by the Fifth Law ; and confequently 
by the Fourth, they make equal Mutations of. 
Bodies towards the contrary Parts. Therefore, — 
if che Motions be made to the fame Part, what- 
~ foever is added to the Motion of the Body, 
which flies away, will be fubducted from the Mo- 
tion of that which follows,fo that the Sum fhall re- 

main 
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main : as before. . . But if Bodies meet one another 
in the fame Line, there will be an equal fubdu- 
agn. from.the Motion of both, and confequent- 
“the, difference. of. the Motions made to con-. 
ary Parts will remain the fame. As if. the Sphe-. 
i Body A be Threefold. greater than the Sphe-: 
jody. B, ánd have two Parts of Velocity ;. 
d B follows in the fame right Line with ro Parts’ 
of Velocit and confequently the Motion of the 
Body A; refülting from its Velocity and Magnitude’ 
together,is to the Motion of the Body B, eftimated. 
in the fame manner as 6 is to 10 5 therefore the 
Sum ofthe Motions to the fame Parti is of 16 Parts. 
In the meeting together. therefore of the Bodiés A’ 
and. B,. if the, Body. A, according to the Quaritity 
of: its Elafticity,, doth gain three Parts of Moti-- 
on, or four or five,the Body B B fhall lofe fo many ; 
and. confequently the Body will go forward after 

Reflection, with Nine Parts, or ‘Ten, or Eleven, 
and, B. wit Verg or Six, or Five, the Sum. of 
Sixteen Parts, remaining always as. before; as thé: 
thing v "ll always happen in Bodies 1 not at all, or 
at moft in à léfs. degree. Elaftic., ' But if the Body 
fhalligain | 9, IQ, Of 11, or r2 Parts, and fo go" 
forwards, . after the. meeting with Fifteen Parts in 
all. Jor. PES. OF Seventeen or Eighteen ; the 
Bo Y TO QM 13 fo many n as A gains, 
ther. will with one Patt having loft 
sine Or: 5d, phan Le its progreffive Motion of 
iet Parts ‘bein wholly loft; or it will go back. 
LATUS Paths, Bribe, loft its Motion, ji iuis 

ay) one Part. Grey or it will retrocede wit 
m porq the pro: sreflive Motion of 
lve Parts which was taken‘ ‘away. And fo the 
s f the confpiring Motions 1$-4- z, or 16-.-o; 
ania 9 the Differences of thé contrary Mottons 
17---I, or 18---2, will always Be of Sixteen Parts, 
as it Was before the Meeting or Reflection ; Md 

wi 
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"will happen alfo in Bodies imperfe&ly Elaftic, 
as. may fufficiently be underftood from the 
Laws of Motion before delivered, and is after- 
wards to be faid concerning Bodies imperfect- ~ 
ly Elaftic. But the Motion wherewith Bodies go 
forwards after Reflection being known, there will 
be found the Velocity of the fame after the Re- 
fle&ion, by faying it is to the Velocity which was 
before the Reflection, as the Motion after is to- 
that which was before. Asin the laft Cafe, where 
the Motion of the Body A was of Six Parts be- 
fore the Reflection, and of Eighteen afterwards, - 
and its Velocity was of two Parts before the Re- 
flexion ; its Velocity will be found to be of Six: 
Parts after the Reflexion, by faying according to 
the Golden Rule ; as Six Parts of Motion before * 
the Reflexion is to. Eighteen Parts afterwards, ‘fo’ 
is che Velocity of two Parts before the Reflexion ' 
to Six Parts of Velocity after. For feeing the’ 
Quantity of Motion doth arife from the. Velocity * 
and Magnitude conjun&ly, in a given Body the’ 
Quantity of Motion, will be eftimated from the: 
Velocity alone, and confequently. the Quantity - 
of Motion and Velocity will be dire&ly propor-' 
tional to each other. But if Bodies not Spherical, © 
or which move in divers right Lines,fall one upon’ 
another obliquely, and their Motions after the. 
Reflexion be required ; the:fituation of the Plane; 
by which the concurring Bodies are touched'in  _ 
the Point of Concourfe, is to be confidered and | 
known. Thus the Motion of both Bodies is to 
be -diftinguifh'd. into two, one perpendicular to’ 
the Plane, the other parallel to the fame ; but the’ — 
parallel Motions, by reafon that they are in no © 
wife oppofite to each other, the Bodies acting up-’ 
on one another; according to a Line perpendicu- 
lar to this Plane , the fame are to be ye s 
TUNES alter 
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n 


after the Reflexion as well 2s before ; and equal - 


Mutations to the contrary Parts are to be attri- 
buted to the perpendicular Motions, in fuch fort, 
that the Sum of the confpiring Motions, and the 
difference of the contrary ones remain always as 
before. As for Example: Let the Body A (fee 
. Fig. 8. Plate. 2.) which is Spherical, and perfectly 
—Elaftic, be threefold of the Body B, which is alfo 
Spherical and perfectly Elaftic, and let A have 
two Parts of Velocity, reprefented by the Line 
AE, divided into two equal Parts ; and let the 
Body B meet it obliquely according to the right 
Line B E, in the Angle A E B, with ten Parts of 
‘Velocity, reprefented by the Divifion of the Line 
BE into Ten Parts equal amongft themfelves, 
- andto the former ; let the Angle A E B be bife&- 


ed by the right Líne O EM; Let AG andBO 


be let down perpendicular to the Line E O ;and 
the Parallelograms A C EG, B O E D be com- 
pleated. The Plane then which paffeth through 
O M, will be that by which the Spherical Bodies 
will be touched in the Point of Concourfe ; and 
the oblique Motions along the Diagonals AE 
‘and BE will be diftinguifh'd on both Sides into 
two, tó wit AE into AG and AC, and BE 
into BO and BD; one of which Motions AG 
and BO, or CF and E D are perpendicular to 
'the Plane of Concourfe; to which alone there- 
- fore, as being directly oppofite to each other, and 
tending to the contrary Parts EC and ED, all 
the change of the Motions in the Concourfe is 
to be referred, in the mean while that the other 
AC and BD, or G E and O E which are pa- 
rallel each to the other, and in the Point of Con- 
courfe tend wholly unto the fame Part, are fo far 
from being contrary to one another, that they 
are rather to be reckon'd to confpire together di- 

rectly, 


| 
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re&ly, and confequently are to be, retain'd after 


the Reflexion as well as before. Wherefore let | 
EI be equal to EG, and EM equal to EO; - 
and that we. may eftimate the Mutations of Mo- © 


tions made to the contrary Parts, and to be dire- 
ced according to the Line C D ; let us make the 


computation according to the. Twentieth Law of © 
Motion, borrowed froin Hugens. Let it be made. 
then, as the Sum of the Bodies A and B==4 is | 
to the double of the Body B= 2; fois CD the - 
refpective Celerity of the approach, whichis of | 


Twelve Parts, (for becaufe the Triangles AGE, — 
BOE are like, A Gor CE isto BOor ED © 
as A E — 2asto E B — 1o ;and confequently, © 


AE--EB —:2)to the half of CD —— C Ez 
6. And.the Difference betwixt the Celerity of 
Six Parts, and the Celerity of the Body, A be- 
fore the Impulfe which was of Two Parts, which 
is equal to 4, will give.the Celerity wherewith 


the Body A will be mov'd. after the Concourfe ; — 
which Celerity being taken away out of the whole . 


refpe&tive Celerity which was before the Impulfe, - 
tO Wit, I2 — 4 = 8, there remains the Celerity | 


of the Body B after the meeting. Let therefore 
EN be of Four Parts, and E L ,of -8, and the 


t rone e. 


Parallelograms ENHI, and ELK. M. ERE j 


compleated, and the Diagonals.E H and EE 


being drawn, the Bodies A and B in the fame — 


time in which they haftened to, the Meeting be- 


fore, according to the Diagonals A. E, and B.E 


will come after the Meeting, to the Points, H dn 1 


K, being refle&ed into the Diagonals EH, anc 


EK; and the Motion of the, Body. A will be : 
of 4x3 —.2 Parts; and the Motion of the © 
Body B=8x1==8,;Parts, the. difference of | 


which Motions is Four Parts, which was alfo che © 


difference of the Motions before the Meeting. — 
den Wherefore — 
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Wherefore in this Cafe the Quantity of Motion 
which is collected by taking the difference of 
the Motions made tothe contrary Parts, is not 
.changed by the Action of the two Bodies upon 
one another; and confequently in Bodies dafh- 
ing one upon another obliquely, this Rule holds 
good, as well as in Bodies which dire&ly meet 
‘one another. Now from thefe Reflexions, there 
are wont to arife circular Motions of Bodies about 
their own Centres : But we fhall have no occa- 
fion to confider thefe Cafes in what follows ; and 
it would be too long to demonftrate all che Things 
hereto appertaining. | 


A Lemma to the 25th Law, 


Tf two right Lines given in Pofition, A C and 
B D, (Fig. 1. Plate 3.) be terminated at the given 
Points A and B, and have a given Proportion to 
»one another ; and the right Line C D, where- 
- with the indeterminate Points C and D are join'd, 
be divided in the given Proportion in K ; I fay, 
that the Point K will be placed in a right Line gi- 
ven in Pofition - 

For let the right Lines A.C and BD (if they 
be not Parallel) meet together in the Point 
^E; and in BE lec BG be taken in the fame 
-Proportion to A E as is B D to A C: And let 
FD be equal to EG Here EC will be to 
7G D, that is,to E F, equal by Hypothefis to G D, 
‘as A C isto B D, and confequently will be in 
‘the Proportion given; therefore the Triangle 
EFC will be given in Species (to wit as having 
the Angle C E F, and the Proportion of the Sides 
about the fame Angle given) let C F be cut in 
L in that given Proportion, and-fo there will be 
given in Species the Triangle EFL (by $ ow 
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‘of the given Proportion of the Sides about the 
given Angle EFC ;) and therefore the PointL 


will always be plac'd in the Line EL given in 

Pofition. Join L K ; and becaufe of FD which is 
given, as being equal to E G given, and the pro- 
portion of L K to FD which is given, the fame 


to wit as that of CK to CD; LK will begi- - 
ven. Let EH be taken equalto LK, and EL | 
K H will be a Parallelogram, for L K is parallel | 
to FD, and confequently co EH the protracted - 
part of the fame Line, to which it is by the Hy- - 
pothefis equal. ‘Therefore the Point K is placed - 
in HK a fide of a Parallelogram which is given | 
in Pofition. Q. E. D. But then, ifthe right Lines | 


A C, BD, be parallel each to other, the Point 
of Concourfe will be infinitely diftant,that is none | 


at all; and all the Lines EC, EL, HK, ED, 


will be parallel to one another.(fee Fig. 2. Plate 3.) - 


In which Cafe the Lemma is thus demonítrated. 
Let the Points terminating the Lines A C, BD, 
which have a given Proportion, be join'd by the 


Lines A B, C D, and let thefe joining Lines be | 


SS eee 


protracted to meet together in Q; through the - 
Point K which divides the Line CD in the gi- — 
ven Proportion, let HK be. drawn parallel to | 


AC and BD: I fay, that the Point K is placed — 
in the right Line HK given in Pofition. For | 
wherefoever the Points C and D are taken inthe — 
right Lines A C, and B D, the Line joining thefe — 
Points will tend to the Point Q, as in the Points. — 


c and d, and the joining Line c d will be divided : 
in that given Proportion by the Line HK : For - 
according to the Hypothefis, and in this Figure - 


Ac isto Bd as AC isto B D ;as alfo accord- | 
ing to the Hypothefis and in this Figure ck is — 
ro cd as CK isto CD: Ht is manifeft | oos 5 

| pigasis | ore @ 
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fore in this Cafe, that the,Point K is always: 
placed in the right Line given in Pofition. 

-Coroll.. (1.) If; two Points go: forwards together 
with an uniform Motion in right Lines, and their 
diftance be divided in a given Proportion, the di- 
viding Point will be placed in a right Line given: 
in Pofition ; and’ that Point as K will. be movd: 
uniformly in that right Line. For, becaufe of the 

Uniform and Even Motion of both Points, the: 

Lines of Motion which they.defcribe at the fame 

time will always be in a given Proportion, to 

wit, in the Proportion of the Celerities which are. 
on both Sides equable : From. whence it is mani- 
feft by the things already demonftrated , that 
the Point. K will always be carried in the right 

Line H K.. But that it is carried uniformly, and 

with an equable Motion, will be thus demon- 

ftrated :, HK is always equal to EL, and EL 
increafeth in the fame Proportion as the.Lines 

E C and EF proportional to, ic, which . Lines 

are alfo proportional according to what hath 

been already faid, to A C and BD, along | 
which the Bodies are movd at the fame time. 

E C therefore is to EF, as AC to BD ; from 

whence, fince thofe Lines by the Uniformity of, 

the Motion do increafe equally ; EL alfo, and 

HK, which is proportional to the fame, will al- 

fo increafe equally ; or, which is the fame thing, 

the Point K.. will be carried with an uniform and 

equable Motion along the Line HK. | .:O. E. D. 

And we may argue in like manner in the fecond. 
Cafe where the Lines were fuppos'd parallel. Nor 
is there need of more Words in fo. plain a. 
Matter. The truth. of the Lemma will like- 
wife. be concluded concerning a folid Place 
by almoft the like Demonftration, viz. if you 

conceive a Plane cutting the leaft diftance of the 

| Lines 
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Linesin the fame Proportion and perpendiculag: 
: to the fame diftance ; and if you imagine Lines 
let fall perpendicular to the faid Plane, the De- . 
monttration will be as in this Propofition, ifin- 
ftead of the Lines of Motion, fuppos’d in different: 
Plaies, we ufe tlie Lines joining the Perpendicu- | 
lars, which will be in the fame Plane.: ^'^ 

Coroll. (2.) 1f both: Points go forwards unto the. 
fame Part, the dividing Point will alfo go for- - 
wards unto that Part: From whence in every 
Cafe, that dividing Point K will either reft or be’ 

mov'd uniformly in-a right Line. | 1f one of the 
Points be mov'd unto this Part, another: to the. 
contrary, the Point K will be mov'd more flowly: 
unto one Part or the other, according as-the Pro-. — 
portions of the greater Celerity, or of the diftance: — 
from the Point K fhall require : Or lattly, if 
thofe fhall be Proportions of Equality, and pre-: 
vail on neither fide, the dividing Point will be 
movd to neither Side, but wholly reft. 

(25.) The common Center of Gravity of a Sy- 
ftem of Bodies doth not change its State either of — 
Motion or Reft, from the Actions of the Bodies’ - 
amongtt themfelves, (whether they be Attractions. — 
or Impulfes ;) and therefore che common. Center 
of Gravity of all Bodies acting upon one another 
(A&ions and Impediments, whether External or 
otherwife gotten being excluded) doth either reft, - 
or is mov'd uniformly ftraight forwards. For if4 
two Bodies or Points, as C D go forwards with | 
an uniform Motion in the right Lines A C, BD, 
and their (fee Fig. x, 2. Plate 3.) diftance CD be 
divided in a given Proportion ; (as the Line al- 
ways paffing through the Centers of the mov'd: 
Bodies is divided by K the common Center of © 
Gravity of both in a given Proportion, to wit, - 
that which i is reciprocal to the pee their com- 

mon 
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mon Center of Gravity K, will either reft or be 
mov’d uniformly in theLine KH.Therefore if any 
Number of Bodies be movd uniformly in righe 
Lines,the common Center of any two of them ei- 
ther refteth or goeth forwards uniformly in a right 
Line ; becaufe that the Line conne&ing the Cen- 
ters of thofe Bodies which go forward uniformly 
in right Lines, is divided by the common Center 
of Gravity in a given Proportion ; in like man- 
ner, the common Center of thefe two, and any 
third Body whatever, either refts or goes forwards 
uniformly in a right Line ; becaufe that the di- 
ftance of the Center of Gravity of thefe two, 
and of the Center of the third, is divided thereby 
in a given Proportion, to wit, a reciprocal 
Proportion to the third Body, and the Syftem of 
the two : For the common Center of Gravity of 
the two goes forwards uniformly in a right Line, 
and confequently isto be reckon'd as if it were 
the Center of a fingle Body. Inthe fame man- 
ner, the common Center of Gravity of thefe 
Three and any Fourth,either refts or goes forwards 
uniformly in a right Line ; becaufe che diftance 
betwixt che Center of Gravity of the Three, and 
of a Fourth, is divided in a given Proportion ; 
and fo on zz infinitum. Therefore in a Syftem of 
Bodies which are altogether free from Actions up- 
on one another, and others alío imprefs'd from 
without; and which confequently do either reft 
or are mov'd uniformly in feveral right Lines, che 
common Center of Gravity of all either refts or 
is mov'd uniformly ftraight forwards. Moreover, 
ina Syftem of two Bodies acting upon one ano- | 
ther, fince che Diftances of the Centers of both 
fromthe: common Center of Gravity is recipro- 
cally as the Bodies, the Relative Motions. of the 
fame Bodies, of coming to that Center or de- 

Q3 parting 
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parting from the fame, (whether the one be from 
Attraction, or a Centripetal Force, or the other 


be from an Impulíe or a Centrifugal Force) are . 


equal betwixt themfelves, and the Velocities of 
Accefs or Recefs are reciprocally proportional to 
the Bodies, that is, directly proportional to the 
Diftances from the Center of Gravity of both. 
From whence, by thofe Actions the diftance 


from the Center will be proportionally increasd - 


or diminifh'd ; and therefore that Center is nei- 
ther advanced forwards nor retarded, nor fuffers 
any change in its own State as to Motion or Reft, 
from the equal Changes made to the contrary 
Parts, and confequently the Actions of thefe 


Bodies amongíft themfelves, whether they re- 


pel one another or attract, do not any ways 
alter the State of the common Center. of Gra- 
vity. Now in a Syftem of more Bodies, becaufe 
the common Center of Gravity of, any two 
acting mutually upon each other, doth not in 


any wife by reafon of that Action change its 
State ; and the common Center of Gravity of: 
the reft fuffers nothing therefrom; but the di-: 


ftance of the Centers of thefe two is divided by 
the common Center of all the Bodies into Parts 
reciprocally proportional to the Sums total of 
the Bodies whofe Center of Gravity they are, 
and confequently thofe two Centers keeping 
their State of Motion or Reft, che common Cen- 


ter of Gravity of all will alfo keep its State; - 


from hence it is manifeft, that that common 
Center of all never changeth its State a$ to Mo- 
tion or Reft, becaufe of the Actions of two Bo- 
dies betwixt themfelves. But in fuch a Syftem of 


all, the Actions of all amongft chemfelves are ei- - 


ther of two Bodies ; in which Cafe the common 
Center of Gravity of the whole Syítem is no- 


thing 
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thing chang’d, as we have already fhewn ; or 
compounded of the Actions which are betwixt 
. Couples of Bodies ; and therefore they will fu- 
perinduce no change in the State of Motion or 
Reft to the common Center of Gravity. For if 
by the Action of A upon B, the State of the Cen- 
ter of Gravity is nothing chang'd, nor by the 
A&ion of C upon B ; neither will the fame be 
difturb'd by the conjun& Forces of C and A up- 
on B. Wherefore, feeing that the common Cen- 
ter of Gravity, when Bodies do not a& upon one 
another, either refts or goes forwards uniformly 
in fome :ftraight Line; the fame will continue 
notwithftanding the Ac&ions of Bodies one upon 
another, either always to reft or to go forwards 
in a right Line uniformly, unlefs it be moved 
from this State by fome extrinfic Force imprefs’d 
upon the Syftem. There is the fame Law 
therefore of-a Syftem of Bodies as to perfeve- 
rance in the State of Motion or Reft, that there 
is of one fingle Body. For the progreffive Mo- 
tion, whether of a folitary Body or of a Syftem 
of Bodies, ought always to be eftimated from the 
Motion of the Center of Gravity. 


Ob. 40, 1704, 
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(26.) EX e SHE Motions of two Bodies in- 
TEN cluded in a given Space, and 
ao a es partaking of the Motion there- 
SAC oe of, are the fame amongft them- 
eee BES felves, whether that Space reft- 
eth, or that the fame is mov'd uniformly ftraight 
forward without a Circular Motion. | 
For. the difference of the Motions tending to 
the fame Part, and the Sums of thofe which tend 
to the contrary Parts, are the fame at che begin- 
ning in both Cafes (by the Hypothefis) ; and 
from thefe Sums or Differences arife the Con- | 
greffes or Shocks whereby the Bodies encounter 
one another, [to wit, of the Sums of the Moti- - 
.ons tending to the contrary Parts, and the Dif- 
ferences of the fame when tending to the fame 
Part.| ‘Therefore by Law 4th, the Effe@s of the 
Congreffes will be equal in both Cafes, and 
therefore the Motions amongft themfelves in one - 
Cafe will remain equal to the Motions amongft 
themfelves in another. For the common and uni- 
form Motion of the Space, and included Bodies 
which tends to the fame Part, will either by 
equally accelerating all, as in cafe they all tend 
to the fame Part with the Space it felf, or by ad- 
ding fo much to one as it takes away. from ano- 
ther, as in chofe which tend to the contrary Parts, 
make that the Forces at the Meetings of the Bo- 
dies will be in no wife changed. This fame thing | 
is prov d by a manifeft Experiment ; for all Mo- 
eet obs BG he IN Cg de £V HOS 
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tions are in the fame manner in a Ship, whether. 
it refteth, or be carried uniformly ftraight for- 
. wards. ux | 

(27.) If Bodies be mov'd in any wife amongft 
themfelves, and be preffed with equal accelera- 
tive Forces according to parallel Lines, they will 
all continue to be. movd in the fame manner 
amongft themfelves, as if they were not preffed 
"with thofe Forces. For thofe Forces will move 
all the Bodies equally as to Velocity, whilft they 
a& according.to the Quantities of the Bodies 
to be mov’d, and in parallel Lines ; and therefore 
they will not change their Pofitions and Motions 
in refpe& of one another. 


A Lemma to tbe Experiments following : 


— The Velocity of a pendulous Body in the low- 
eft Point of any Circle, is always as the Chord 
of the Arch which is deícribd in the falling. 
(See Fig. 3. Plate 3.) 

Let CAB bea right Angle, C or H a move- 
able Body hanging bythe Thread CA or HA 
upon the Center A, which will fall down in the 
Arch GB or HB. I fay that the Velocity of 
the Body C, in the loweft Point B, is to the Ve- 
locity of the Body H in the fame Point, or ra- 
. ther the Velocity of the fame Body falling firft 
along the Arch C B, and afterwards the Arch 
H B, is as the Chord C B is to che Chord H B. 
' For the Velocity of the Body, falling through 
the Arch C B, as we fhall demonftrate> by. and 
by (Coroll. 5. Prop. 6. following) is in the loweft 
Point B (that Velocity, to wit, wherewith the 
Body would go on to be mov'd in a right Line, 
which toucheth rhe Circle in B, if it fhould leave 
the Thread in B) is, I fay, the fame, as that 

| G 4 which 
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which the Body would have in the Point: F, if it 
had fallen perpendicularly along CF. ‘And by 
the fame, the Velocity of the Body which falls. 
from H according to the Arch H B, is the fame 
as that which it would have in the Point K, if it 
fhould fall perpendicularly along H K : [the fame | 
Celerity, to wit, being imprefsd in Spaces be- | 
twixt parallel Planes, whether the Tranfit through 
thofe Planes be perpendicular, as in Bodies falling 
perpendicular to the Horizon; or whether it be 
oblique, as in pendulous Bodies defcribing circular - 
Arches, as will be more fully made appear after- ' 
wards. ] Therefore the Velocity of a Body defcend- 
ing along the Arch H C B, isto the Velocity of 
the fame defcending along the Arch H B, as the 
Velocity of a Body falling along C. E; isto the 
Velocity of that which falls down HK. But 
(by Coroll, Prop. 4. beneath) The Velocity of a 
Body falling down in CF, is to the Velocity of 
2 Body falling down in ‘HK, in the fubduplicate 
Proportion of the Line C F to the Line H K ;and 
(as will appear from Prop. 2. following) the Chord 
CB is to the Chord H B in the fame fubdupli- 
cate Proportion of C F to HK. From whence 
it follows, that che Velocity of the Body defcend- 
ing along the Arch CB, is to the Velocity of a. 
Body falling down the Arch H B in the loweft 
Point P as the Chord C Bi is to the Chord H B. 
Q. E. D 
| Corollar. From hence is to be conceded the 
Error of Hugens, or rather of his - 
* De vi Centri- Editors, who fuppofe that the Pro- 
fet: b 426,427. portion of Velocity in the Point 
. B, is the fame as that of the Lines 
PUPDTIMEMA CE HK, when it is only thefubs -. 
ots Proportion of the fame, as we have al- 
: orbs eu do AU uU Di 
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ready demonftrated from the Principles of Hugens 
himfelfi | ry 

A general Scholium. The truth of thefe Laws 
‘hath heretofore been prov’d by Sir Chriffopher 
Wren before the Royal Society by the Experiment 
of Pendulums ; which thing the famous Mariotte 
hath taken upon him to fet forth and declare in an 
entire Book. But that this kind of Experiments 
may agree with the Theories, regard is to be had 
not only to the Elafticity of che Pendulous Bo- 
dies, butalfo to the Refiftance of the Air. Let the 
Bodies A and B (fee Fig. 4. Plate 3.) hang by the 
parallel Threads A C and BD upon the Cen- 
ters C and D : From thefe Centers, and at equal 
Intervals, let there be defcrib’d the Semi- Circles 
EAF, GBH, bife&ed refpe&ively by the Ra- 
dii CA and DB. Let the Body. A be drawn 
unto any Point of the Arch EAF as R, and 
the Body B being withdrawn, let it be let down 
from thence, and return after one Vibration, com- 
pounded of going and returning, to the Point V. 
Here R V isthe Retardation from the refiftance 
of the Air. Of this R V let S T be made a 
fourth part, placed in the middle; and lec R Q 
be equal to Q V ; and thus S T will reprefent 


the retardatio nvery near which isin the Deícent . 


from S to A. For if in the Double both Afcent 
and Defcent, the Retardation be R V, the Retar- 
dation in one Afcent or one Defcent will be one 
fourth Part thereof. And feeing two Arches be 
greater, and two be lefs than the Arch Q A, the 
refittance of the Air is to be taken neither in the 
greateft Arches, nor in the leaft, but in a mean. 
betwixt them. . From whence the fourth Part 
S T is neither to be placed at the higheft Part R, 
nor at the loweft V, but in a middle one which 
is betwixt both. Now let the Body B be reftor’d 


forie into 
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‘into its Place: Let the Body A fall from the 
Point S ; and the Velocity thereof in the Point 
of Refle&ion A, will, without fenfible Error, be 
the fame, as if'ir had fallen in à Vacuum from | 
the Point T ; the Body A by falling fomething 
higher, compenfating the Refiftance of the Air; 
and therefore, according to the juft now demon- 
ftrated Lemma, let this Velocity of the Body in. 
the Point A be reprefented by the Chord of the 
Arch T A. After the Reflexion, let the Body / 
‘A come unto the Place s, and the Body Bto the- 1 
Place k, whether the Bodies be Elaftic or not. 
Let the Body B be taken away, and the Place | 
(u) be found, from which if the Body A was let. 
down, and fhould after one entire Vibration re-. 
turn to the Point (1) ; (st) may be a fourth Part. 
of (r u) which (st) is ficuate alfo as before in the 1 
middle : And by the Chord of the Arch (t A) let - 
the Velocity which the Body A hath after its Re- | 
flexion in the Point A be reprefented ; for.(t) will | 
be the true and corre& Place unto which the Bo- 
dy A, the refiftance of the Air being taken away, - 
ought to have afcended ; and by the like Method | 
will che Place (k) be to be corrected, that to wit, — 
to which the Body B afcends, and the Place (1) 
to be found, that to wit, unto which the Body © 
ought to have afcended in a Vacuum. By this © 
means we may try all this fort of Experiments in — 
like manner as if we were placed in a Vacuum. 
Then at laft the Body A is to be drawn into the - 
Chord T A, which reprefents its Velocity, that 
the Morion of it in the Point A juft before che Re- 
flexion may be had; and afterwards into the Chord — 
(t A), that the Motion of the fame in the Point | 
A, prefently' after the Reflexion may alfo be had: 
As in like manner the Body B is to be drawn in-- 
to the Chord (BD) that che Motion of it ue : 
after 
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after Reflection may be had ; and by the like Me- 
thod where two Bodies are let down together 
from divers Places, there are to be found the Mo- 
tions of both, as well before as after che Refle&i- 
: on, and then thofe Motions are to be compar’d at 
length betwixt themfelves, and the Effe&s of the 
Reflexion to be collected. By experiencing the 
thing in this manner in Pendulums of ten Feet, 
and this in Bodies both equal and unequal, and by 
making that the Bodies fhould meet together from 
very great [ntervals,as of Eight, Twelve,or Sixteen 
Feet, the Famous Sir I/aac Newton always found, 
without an Error of Three Inches in the mea- 
fures, when the Bodies did dire&ly meet each 
other, that the change of the Motion to the con- 
trary Parts was equally in both Bodies, and con- 
fequently that Action and Re-action, according 
to the fifth Law were always equal. As if the Bo- 
dy A fhould fall upon the Body B, which is at 
reft, with Nine Parts of Motion, and feven Parts 
being loft in the Confli&, fhould go forward af- 
ter the Reflexion with two Parts only, the Body 
B would rebound with thofe Seven which A loft. 
If Bodies meet one another, A with Twelve 
Parts of Motion, and B with Six ; and A re- 
turns with Two, B would return with Eight; 
there being made to wit, a fubdu@ion of Four- 
teen Parts on both Sides. Let Twelve Parts be 
fubducted from the Motion of A, and there will 
remain nothing ; let there be fubftra&ed other 
two Parts, and then there will be a Motion of 
Two Parts unto the contrary Part... And fo as to 
the Motion of the Body B of fix Parts, by fub- 
du&ing r4 Parts, there will arife Eight Parts of 
Motion the contrary way. But if the Bodies 
fhould be carried to the fame Part, A more fwift- 
ly with fourteen Parts, and B more flowly "iih 
EUCH HMEMEUAM UI. EP MY ; ve 
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five Parts, and after the Reflexion A fhould go 
forward with five Parts,B would go forwards with | 
fourteen, there being made a Tranflation of Nine. 
Parts from the Body A to the Body B,and fo in all 
other Cafes. The Quantity of Motion which was 
colle&ed from the Sums of the confpiring Moti- — 
ons, and the difference of the contrary ones, was 
never found in the Tryals of the forefaid great 
Man to be changed by the Congrefs or Collifion 
of Bodies. For the Error of one Inch or two in 
the Meafures is to be attributed co 'the difficulty 
of performing every thigg with due exa&nefs. For 
it was not an eafy thing to let down the Pendu- 
lums juft at one time, fo that the Bodies fhould 
dafh one upon another in the loweft Place AB; 
then to note the Places s and k, to which the 
Bodies afcended after the Congrefs, was difficult ; 
and in the Ballsthemfelves which were to be usd, 
the unequal Denfity of the Parts, and the irregu- 
lar Texture arifing from other Caufes muft needs - 
- bring in fome fort of Errors. But further, left any. 
fhould obje&, that the Rule, for the proving of 
which this Experiment was invented, doth pre- 
fuppofe either that the Bodies are abfolutely hard, 
or at leaft perfe&ly Elaftic, of which fort there are | 
none perhaps to be found in natural Compofitions; 
we add, that the Experiments now defcribd do 
fucceed as well in foft Bodies as in Bodies Hard 
and Elaftic ; thefe Experiments not depending at 
all upon the Condition of the Hardnefs or Elafti- | 
city of Bodies. . For if the thing were to be tryed - 
in Bodies not perfeétly Hard or Elaftic, the Re-- 
flexion ought only to be diminifh'd in a certain 
Proportion according to the Quantity of the Ela- 
ftic Force which is diminifh'd. In the Theory of © 
Wren and Hugens, Bodies abfolutely hard return | 
from one another with che Relative Velocity a 
i o | | the 
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the Congrefs; but with thc famous Wallis it is al- 
together to be faid, that this holds in Bodies per- 
perfealy Elaftic only ; and it is to be afferted, 
that other Laws have place in Bodies not Elaftic, 
whether foft or hard, that obtain not in Elaftic 
ones ; as is abundantly manifeft from what has 
been above opened. And particularly.thofe Bodies 
only which are perfe&ly Elaftic, do after mutual 
Collifions return from one another with the Ve- 
locity of the Congrefs, according to the 16th 
Law of Motion thereto belonging. In thofe 
which are imperfectly Elaftic, the Velocity of 
the Return is to be diminifh’d together with the 
Elaftic Force,and in the proportion of the diminu- 
tion of the fame : becaufe that chat Elaftic Force 
(unlefs where the Parts of the Bodies are hurt by 
the Meeting, or fuffer fome kind of Exten- 
fion as under a Mallet) feems to be in it felf cer- 
rain and determinate, and makes Bodies to return 
from one another with that Relative Velocity, 
which is in a given Proportion to the Relative 
Velocity before the Concourfe. Which thing 
Sir Ifaac Newton did thus experiment in Balls made 
of Wool, moft ftraitly wound up and preffed to- 
gether; firft by letting down Pendulums, and 
meafuring the Reflexion, he found the Quantity - 
of the Elaftic Force ; then by this Force he com- 
puted the Reflexions which were to be expe&- 

ed in other Cafes of Congreís, and the Experi- 
ments anfwerd. The Balls always return'd from 
one another with a relative Velocity, which was 
to the Relative Velocity of the Concourfe, as the 
Number Five is co Nine. Balls of Steel were al- 
moit perfe&ly Elaftic, for they return'd almoft 
with the very Velocity of the Concourfe ; thofe 
of Cork with fomething lefs; but in Glafs Balls 
the Proportion was of abont Fifteen to Sixteen. 

iss ( And 
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And by this means, the Fifth Law of Motion as to 
Stroaks and Reflexions was prov'd by Dr. Wallis’s 
Theory, which plainly agrees with Experience. | 
Sir Ifaac Newton doth alfo fhew in this Place 
briefly that this Rule holds alfo in Attractions ; 
to wit, thac the Quantity of Motion, colle&ed - 
by gathering the Sum of the Motions made to 
the fame Part, and the difference of thofe which — 
are made to the contrary Parts, is not changed by — 
the Actions of Bodies amongft themfelves ; whofe 
reafoning in this Matter we confidered above un- 
der the Fifth Law, and confequently fhall at pre- 
fent omit it, and come to the reft of his Obfer- 
vations belonging to the prefentPlace. A's there~ 
fore Bodies in Concourfe and Reflexion are of 
the fame Force; whofe Velocities are reciprocally 
as the implanted Force or the Bodies themfelves, 
as may be underftood from the Eight and Seven- 
teenth Laws, and Hugens’s Eighth: Propofition ;. fo: | 
in moving Mechanic Inftruments, Agents are of. 
the fame Force, and fuftain each other by contra= 
ry Endeavours, whofe Velocities, eftimated. ac- 
cording to the determination of their Forces, be 
reciprocally as their Forces. Thus Weights are 
of equal Force to the moving the Beam of a Pair: 
of Scales, which in the Vibration of the Balance 
are reciprocally as their Velocities up and down 5: 
that is, the Weights if they afcend and defcend | 
perpendicularly, are of equal Force betwixt them 
{elves when they are reciprocally,as the Diftances™ 
of the Points on which they are hanged fromthe — 
Axis of the Balance. But if being hinder'd by - 
oblique. Planes, or fome other Obftacles, they - 
afcend'and defcend obliquely, thofe Weights are — 
Equipollent,, which are as the perpendicular | 
Afcent and Defcent, and this becaufe of the 
determination of Gravity downwards. Thus x n 
Wheel 
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Wheel or Pulley, the Force of the Hand which 
dire&ly draws the Rope, is to the Weight afcend- 
ing either directly or obliquely, as is the Velocity; 
of the perpendicular, Afcent to the, Velocity of 
the Hand drawing the Rope,the Hand will fuftain. 
the Weight in Equilibrio.In Watches, and the like 
Inftruments which are fram'd of little. Wheels put 
together, if the contrary Forces for the further- 
ing and hindring the Motion of che Wheels be re- 
ciprocally, as the Velocities of the Parts of the 
Wheels on which they are imprefsd, they will 
fuftain one another. The Force of a Screw to 
prefs a Body, is to the Force of the Hand turn-. 
ing round the Handle, as the circular Velocity of 
the Handle in that Part where ic is prefs'd by the. 
Hand to the progreffive Velocity of the Screw to- 
wards the preffed Body. "The Force with which 
the Wedge lies upon the Two Parts of. the cloven 
Wood, is to the Force of the, Mallet upon the, 
Wedge, as the Progrefs of the Wedge according: 
to the determination of the Force imprefs'd upon 
it by the Mallet, is to the’ Velocity wherewith, 
the Parts of the Wood give Place to the. Wedge 
according to Lines perpendicular to the Forces 
of the Wedge. And the Reafon is the fame in all 
Machines. Their Efficacy and Ufe; confifting on- 
ly in this, that by diminifhing the Velocity we 
may increafe the Force, and).on,the contrary. 
From whence in all Kinds of fit. Inftruments 
that fo much talk’d-of Problem.is folv'd, of mo-. 
ving a given Weight by any given force, or of 
‘overcoming any other given Refiftance by any 
given Force how {mall foever. For if Ma- 
chines be fo form'd, that the Velocities of the 
Agent and Refiftents are. reciprocally as the 
Force, the Agent will fuftain the Refiftent,. 
and overcome the fame with a difparity of 

Velocities : 
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Velocities : Certainly, if the difparity of Veloci- 


ties be fo great, that ic will overcome even all. 
Refifance, which is wont to arife as well from: 


the Attrition of Bodies contiguous, fliding one 


upon another, as from the Cohefion of Bo-: 


dies continuous, and which are to be. feparated 
one from another, and the Weights of Bodies to 


be lifted up ; all that Refiftance being overcome; 


the Force redounding will produce an Accelera- 
tion of Motion proportional to it felf, partly in 


the Parts of. the Machine, partly in the refiding — 


Body. But to treat’ of, and handle Mechanics 
asit ought to be done, belongs not to our Pur- 
pofe ; we by thefe Things only fhew how far and 
wide this Rule extends, and how certain the Fifth. 
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Taw of Motion above delivered is. For if the - 
A&ion of the Agent be eftimated from its Force 


and Velocity conjun&ly, and the Re-aétion of. 


the Refiftent from the Velocities of each of its 
Parts, and their Force in refifting, arifing from 


their Attrition, Cohefion, Weight and Accelera- - 


= 


ar - 4 


tion ; Acion and Re-action will be in all Kinds - 
of Inftruments equal one to the other ; and fo far — 
forth as the A&ion is propagated by the Iuftru- 


ment, and at length imprefs'd upon every refifting 
Body, its laft Determination will always be con- 


trary to the determination of the Re- action. 


Corollary, From thefe two Laws of Motion now 


fufficiently explain'd and prov'd, the grofs Errors 


of Des Cartes about the fame do manifeftly appear; - 
whofe Laws of Motions, are fo far from agreeing” 
every where with the true Laws of the fame, that: 
they are rather found every where to difagree with 


them. And confequently it is no wonder, if he 


in like manner err'd in the reft of the Phenome- . 


na of Nature. The Laws of Motion being now. 


difpatch'd, we come unto the Propofitions. 
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PROPOSITIONS. 


LXTSENE lat Proportion of the Patieene — 
L T 


FS Subtenfe or Chord to the'Curve 
8» Arch which belongeth to them, is 
Lg the’ proportion of Equality ; that 
is, the Tangent, Arch, and Chord, 


- where the leaft Arch of all, or that which vanifh- 


eth away istaken, do at lergth end in one and 
the fame Line. And the fame thing is to be un- 
derftood of the Sine. Let A b be the Arch of a 
Circle. or fome other Curve, which is as little as 
may be; let Af be the Tangent thereof, and 
Ab the Subtenfe : I would know what is the 
Proportion of thefe Lines one to another if they 
be taken as near as may be to the Point A, or if 
the Point b doth as it were coincide wich the 
Point A ; and I fay, that the Proportion of the 
Arch; whether to the Tangent above, or to the 
Subtenfe below, is the Proportion of Equality. 
For from the Nature of Curves it is manifeft, thae 
all the difference betwixt the Tangent and Sub- 
tenfe of any Arch whatever doth arife from the 
length of the intermediate Arch, and’ that. the 
difference is always fo much the greater, as the 
Arch which is taken isthe greater,and fo much the 
lefs by how much the Arch which is taken is the 
lefs ; from whence it follows, that in an Arch the 
feaft that may be the difference will be the leaft 
that may be, and in an Arch infinitely fmall, fuch 
x52 : H as 
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as we now intend,the Difference will be infinite- 
ly {mall,-or none at-all. And if the Difference be- 
twixt the Tangent and the Subtenfe’ be none at . 
all, much more fhall the Difference betwixt the — 
Tangent and the intermediate Arch be none at — 
all, or the Difference ‘betwixt the Subtenfe and 
that Arch ; fince that Arch is every where of an 


intermediate Length betwixt the Tangent andthe 


Subtenfe. And this Equality of the leaft Tan- — 
gents, Arches and Subtenfes, and of'Sines'alfo, is ^. 
a Thing which Geometricians have always fup- — 
pofed and acknowledged ; whilft they: have con- '* 
fidered the Perimeters’ of Curves, as being in-: | 
numerable Sides of Polygons, and as arifing from | 
the Coalefcence of the infcrib'd and-circumf{erib’d 
Figures, the Difference betwixt them vanifhing — 


awaye’ : sf ary | en) Cah 
-. Corollary, Hf therefore it can be demonftratedjthat — 
| db D b(CZig. 5-Plate 3.) the Subtenfesofthe Angles | 
ef Contact, are always betwixt themfelvesin the § 
duplicate Proportion of the Subtenfes Ab, AB, : 
as will;prefently be done, it will from thence fol- 
low, that the fame vanifhing Subtenfes are alfoin | 
the duplicate, Proportion ;of their conterminous | 
Arches . Ab, A,B, or of the Sinescb, CB; be- 3 
caufe the Snubtenfe A b doth in the foregoing | 
Cafe fall in, and become the fame with the Arch | 
A b or its.Sine c b,.and fo doth at.length the X3 
fubtenfe. A,B with the Arch A B, or its Sine. C Be 3 
_ II. The Subtenfes; of the Angles. of Contact 3 

in Circles, are always in the duplicate Proportion © 
of the Subtenfes of the conterminous Arches. | 
.; Let there be in. the. fame Figure. any. two — 
Arches. as A B and Ab; and D B, d b (equal | 
to A C. and Ac, the verfed Sines of the fame | 
Arches)the Subtenfes of the Angle of Contact. To | 
 thefe, Subtenfes (by Book the. 3d, Prop. 31. 0f-the | 
| MHIL. Elements) - 
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Elements) GB and.Gb drawn from the Potht G 
will be perpendicular ; let the Rectangles ADBC, 
- and Adbc be compleated. This done, the 
Square of AB (by VI..8. of the Elements with 
NIE. 17. of the fame). is equal to the Rectangle of 
AG into. A C or D B ; and in like manner, the 
Square of Ab is equal to the Rectangle under 
AG and Ac or db... And confequently , the 
Proportion of the Square of A B to the Square . 
of Ab, is the fame as that of the Rectangle un- 
der AG and D B, fo that under AG and db; 
that is, (by VI. 1. Elements) the fame as of the 
Line DB to the Line db. Q. E. D. 

Corollary, Therefore. any Subtenfe whatever of 
the Angle of Conta&, as D B. or d b is equal to 
the Square of the Chord applied to the Diameter 
of the Circle. For. as. A G is to A B, to is AB 
to AC or DB: prom. whence by. che Golden 
eee ABS AB. AB qs And di 
Rule B.D— —4 G9 7 uKG. 

like ‘manner, A G isto iras Ab to Ac of 
d b; from whence d b = h uu Q. E. D. 

-— Ceroll. (2:) In the-leaft Segments of, perfpediye- 
Glaffes, the Altitudes or Axes of the Segments 
A C, and Ac, areto be reckon'd to have the 
fame Proportion betwixt. chemfelves, which the 
Squarés of the Bafes or Apertures E b and R B 

Oc. have: (fee Fig. $- Plate 24) For we have? 
fhew'd that A C and Ac have the fame Propor- 
tion as: the Squares of the Subrenfes ; and feeing 
in very {mall Arches the Subrenfes or Sines, or - 
their Doubles R B :and E B: are almoft in. the 
fame Proportion: amongft themfelves ; it follows, 
that the Altitudes alfo A°C and Ac have almoft 
the fame: Proportion as the Squares of the double 
Sines RB and Eby: that is, cof. the Aperture; 
QE. D. H 2 Corojj. | 
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Coroll. (4-) Yn very fmall Angles, the Excefs of 
the Secants above rhe Radius , are alfo very near — 
asthe Squares of the Subtenfes, or Sines, or Tan- 
gents, or even of the Arches. For thofe Exceffes © 
(fee Fig. $. Plate 3) b f and BF, do in that - 
Cafe coincide with the Subtenfes of the Angle of 
"Contact bd and BD, and confequently have . 
the fame proportion amongft themfelves as | 
they. Thus you may fee in the Tables of Secants, 

that the Radius of the Circle being put to be of 
10000000 of equal Parts, the Excefs of the Secant 
of cwo firft Minutes is of two Parts, and that of 
the Secant of Four firft Minutes is of Eight Parts ; | 
from whence the difference of the former Secant, 
and the Radius, is fourfold of the difference of 
the latter Secant to the double Arch, and the 
Radius ; that is, thofe Differences are betwixt 
themfelves as the Squares of the Arches ; and fo 
of the rett. | m Oe n 
Coroll. (4.) "The Nafcent or Evanefcent Subten- 
fes of the Angle of Conta&, are in the duplicate 
proportion of the conterminous Arches. Forthey 
are every where, by what hath been demonftra- 
ted before, in the duplicate Proportion of the 
Chords.” But feeing the: Chords do at laft end in 
the Arches, that is, in Diftances infinitely fmall 
do coincide, with them, and are equal to them, 
as we demonftrated above, thofe Subtenfes in like 
manner will in the prefenr Cafe be in the dupli- 
cate Proportion of the Arches. ciis b woe 

Coroll. (5.) From whence alfo in the fame-Cafe, 
according to the firft Corollary of this Propofi- 
tion, the vanifhing Subtenfe ‘of the Angle’ of 
Contact, will be equal ro the Square of. che: Arch 
it felf, applied ro the Diameter of the Circle. >: 

Coroll..(6.) Hence is gathered that Noble; and 
Fundamental Theorem of Sir Ifaac: Neapton, Js 

L - T s | Q 5 
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of Mr. Hugens alfo ; ‘to-wit, that in the circular 
Motion of a Body, the. Centripetal Forces; or: 
the Gravities toward the'Cénter are every! where, 
as the Squares of che Velocities of the Arches, de- 
fcrib'd at the fame time, applied co the Diameters 
or Radii of the Circles. For (in Fig. 6. Plate 2.) 
let the revolving Bodies B and b defcribe the Cir- 
cumference of che Circles. B D and bdjand in the 
fame given Time let them. defcribe the infinitely 
fmall Arches B D and bid; becanfe by their Innate 
Force alone they would deícribe the Fangenrs 
BC, bc equal to thefe Arches ; by the firít Law 
of Motion: it is manifeft, chat chere: is fome cen- 
tripetal Force which, perpetually draws back the 
Bodies from the Tangents to the Circumferences 
of the Circles; and confequencly, thefe are one - 
to another, in the firft Proportion of the Nafcenc 


BDq; dg; 
Lines CD and c d ; thatis as 4 
; Pr y BEC 


or, by. taking half the Blo te as ae 


bd 
to cile becaufe the Velocities are 1n the Pro- 


portion of the Arches defcrib'd at the fame time, 
thofe Forces will be as the Squares of chofe Velo- 
cities applyed to the Radii of the Circles. Bur if 
the Circles be equal betwixt themfelves, then by 
reafon of the given Diameters thofe Forces - wall 
be as the Squares themfelves of the Arches de- 
fcrib'd at the fame time, or of the Velocities; «s 
we will fhew more fully afterwards. 

Coroll. (7.) By means of the foregoing qe d 
ry, we gather the Proportion of the. Centriperal 
Force to any known Force, as that of Gravity. 
For fince that Force in the time that the Body 
defcribes the Line B.C, or an Arch equal toit, 

H.4 | impells. 
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impells the fame along the Line C D ; which in^ 
the beginning of Motion is equal to the Square 


of that Arch B D, applied to the Diameter of the _ 


Circle. And fince every Body by an uniformly: 


accelerated Motion, or the fame Force continued '' 


towards the fame Part always, doth defcribe Spa-? 
ces in the duplicate Proportion of the Timés, as ' 


will prefently be fhewed (under Prop. 4.) that! 
Force in: which time the revolving Body doth de- ^. 
{cribe any given Arch, will‘make the fame Body, © | 


going right forwards, defcribe a Space equal to 


the Square of that Arch applied to che Diameter ; - 
and confequently, is to the Force of Gravity as ® 
that Space is to the Space which an heavy Body * 
in falling doth defcribe in the fame time.’ As for - 
Example, from the Experiments of Pendulums, ’ 


and other ways it is manifeft, that‘ all Bodies 
whatever defcribe in a Vacuum 16,14. Ene/ifh Feet 


in one Second of Time whilft they are falling by ' 


the Force of Gravity : I therefore would know | 


what Proportion the Centripetal Force, whereby ' 


the Moon is held in its Orbit bears to the Force 


of Gravity with us ? For this purpofe the Square - 
of the Arch of the Moon’s Orbit, which is de- - 


{cribed in one Second of Time, is to be divided 
by the Diameter of the Orbit; and fo we fhall 
find the Line which the Moon (if the circular 


Motion thereof were deftroyed, and itdefcended ' 
as an heavy Body towards the Earth) would de- 


Ícribe in the fame time. "The mean Diftance of 
the Moon from the Center of the Earth is about 
Sixty-Times the Earth's femi-Diameter, or of 


about Englifh Feet in Number 12§7696000. The _ 
Circumference therefore of its Orbit, if reduced - 


to a Circular, will be of about 4897834380 Feet; 


which Periphery, fince the Moon. defcribes it in — 
the Space of a periodical Month, or 27 Days, 7 — 


Hours, 43 Minutes, that is, in 2360580 Seconds ; 
| rs lj let 


E 
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Tec the Circumference 7897834380 be divided by 
2960580 the Seconds which belong to the fame, 
Mu dea ini "Quotient 3346 will give the Length of 
‘the Arch defcribed by the Moon in a fecond of 
“Time in Exz/ifh Feet, che Square whereof 11128976 — 
"being divided by the Diameter 2515592090 will 
LM (60444 Parts of an. Englifh Foot to be de- 
{cribed in one Second by the Moon falling, and 
in one Minute 16,14 Feet,or thereabouts ; there- 
fore the Centripetal Force, or Gravity of the 
Moon, 1s to the Centripetal Force of Bodies with 
us upon the Surface of the Earth, as 443 Hun- 
‘dred Thoufandth Parts of one Foot is to 16| r4 
Feet, that is almoft as 1 to 3600. And confe- 
quently, the Force of Gravitation towards the 
Farthat the diftance of the Moon is only the 
46ooth Part of the Force of. Gravity with "us. 
- JIL.The Velocities of a Body accelerated by any 
uniform urging Force whatever,are betwixt them- 
felves, as the Times are ‘wherein that uniform 
Force is imprefs'd ; that is, in Double the Time - 
Double, in Treble the Time Treble of it felf, and 
' in Four" times the Time 4 Ouadruple Velocity. 
For.if the Accelerating Force be Equable and 
Uniform, which is here fuppos'd ; and the Body - 
confequently, whether it refted at thé Firft; or 
was mov'd with any Celerity, doth receive 
equal Degrees of Velocity, and an equal Increafe 
in equal Time ; it is manifeft, that the Velocity 


^ of the Body is exa&tly proportional to the ‘Time. 


— For if in;every given Particle of Time that Force 
doth generate a certain Velocity, it will be able 
in the néxt equal fmall:Portion of Time 18 pene- 
rate a Velocity like and equal to the former ; and 
fo likewifs in the Third, and Fourth, .and Fifth, 
cc. Particle of Time, and fo i» infinitum.» From 
whence the entire Velocity" will every where be 

H 4 | as 
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as the Space of Time, in which that Accelerating 
Force is imprefsd on the Body. Q. ExD... . 
Corollary. Seeing therefore it is manifeft by-Ex- 
periments, that all Bodies whatever being accele- | 
rated by the Force of Gravity, do receive increa- | 
fes of Velocity every where proportional to the 
Times; itis manifeft, that the Forcg of Gravity | 
doth act uniformly, and doth affe& Bodies moft — 
{wiftly defcending,. as well as quiefcent. From 
whence it appears, that the Gravity of Bodies is 
to be afcribd to no Preffure ofthe Air, or Im- 
pulfe of either, nor to the Mechanical Endeavour 
of any Mater towards Motion. For all chefe Im- — 
pulfes or Endeavours would moft of all affe& a 
Body at Reft, and by how much the more fwift- 
_ ly the Body fhould be mov'd, they would fo much 
the lefs continually urge it, untilat length, the — 
Celerity produc'd becoming equal to the Force © 
of the Caufe which generates it, all. che Impulfe 
would ceafe, and no Acceleration of Motion fol- 
low thence forward, —— RM Es , 


Some Lemmata to the 4th Prop. ^ 


. (1.) Odd Numbers being added to themfelves 
continually do make all the Square Numbers. Thus 
One is the firft of odd Numbers, and the firft al- 
fo of Square Numbers. But if the Number 2, 
which is the Second odd Number be added to 
One, there is made the Number: Four, the Se- 
cond of Square Numbers ;and if the Number Five 
be added to Four there is madé the Number Nine, 
the Third Square Number, and fo on im infinitum. 
We fhall bring Two Demonftrations of this Lem- 
WAT ma,-one out of Tacquet, the other 
ei A CN out of. .our, own Store. Tacquet 
Theor.7. - . ‘hews the Thing thus. In the ER 
fao di “tural 
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tural Progreffion, faith he of odd Numbers, 1, 3, 
c, 7, dv. the total Sum is equal to the Square of 
the Number of the Terms. For according tothe 
"Nature of Arithmetical Progreffion, the Sum of 
all the Terms is equal to the Produ& of Half the 
‘Sum of the Extremes, drawn into the Number 
of the Terms : But half the Sum of the Extremes 
of an Arithmetical Progreffion of odd Numbers, - 
beginning with Unity, is equal to the Number of 
the Terms, (for it.goeth on from Unity by Two's 
fuperadded, whilft the Number of the Terms in- 
Seem only by Ones) and. confequently, that 
Produ& is equal to the Square of, the Number of 
the Terms, and therefore the Sum Total of odd 
Numbers, beginning with Unity, is equal co the 
Square of the Number of the. Terms, Q. E. D. 
A3 unonfirite it thus: Let (a c) or (a b) (fee 
Fig. 7. Plate 3.) be Unity, and (a d) the Square 
of Unity; I fay, that the Addition of the odd 
Numbers, 3,5, 7, 9, Cc. is neceffary to make 
the Squares (ah, an, as, az, à A) of all Num- 
bers proceeding from Unity ; for to the making 
the Second Square, or the Square of the Number 
ü wo, there are Three other Squares of Unity to 
be added to (a d) to wit, the Two lateral Squares 
(cd and df) and the Diagonal Vertical Square 
(i g.)And then through all the reft of the Terms, 
the Number of the Squares to be added is always 
to be increas'd by Two for the making up of the. 
reft of the-Squares ; to wit, three Squares (ki, 
lh, and'g g) correfponding to the Three which 
were. added before are firft to be added, then ano- 
ther Square (h p) becaufe that che Square, added 
by the Side of the Diagonal, doth always require 
a Pair of correfponding Squares to be fuper- added, 
to which at length is to be added another Diagc- 
nal Square (m o). And thus it is every where (the 
NEGOTIUM ea IET EE Nütbb..- 
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Number of, the Squares to be added always, éx- 
ceeding the former by Two,) that the Squares 
(ad, ah, an, as, Gc.) from Unity may be 
compleated.. From whence ít plainly appears, 
that the continual Addition of uneven Num- 
bers begets. all Square Numbers, Q. E. D.. But 
he that will be Content with an Induction, ‘car- 
fied on without End, may fafely enough pafs 
By this way of demonftrating the Thing ; how- 
beit it is indeed fo eafy, that ic.will not require 
much Attention of Mind to comprehend i, 
Lemma (2.) If a Body doth in a given time de- 
part gradually and uniformly from Reft, and by. 
that means defcribe a certain Line ; the fame Bo- 
dy in the fame given time will,from the laft Cele- 
rity acquired if it be uniformly continued, defcribe 
a Line double, to the former.. For fince the Body 
in departing from Reft acquired a-certain Degree. 
of. Velocity by equal increafes, the Line defcrib'd 
by the fame,, will be to be diftinguifh'd into in- 
numerable Lines greater each to the former gra- 
dually : And if thofe little Lines gradually in- 
creafing, were difpos'd not Length-wife. but. or- 
derly at the Sides, they would compofe a certain 
Triangle, (a b.c) or at. leaft, according to Ca 
vallis Method of Indivifibles, are to b&, rec. - 
Kon d to compofe one ; where the Vertical Point 
of the Triangle, to wit (a) is the Point of Reft, 
and the Bafe (c b) defigns the laft (fee Fiz. 8. 
Plate 4.) Line of Motion, and the réft of the 
Parallel little Lines, the Lines of the diverfe Ve- 
locity which the Body had paffed through. _ Now | 
if we had put the greateft Line (x b) to have 
been meafured in the fame full time; or had di-. 
fpos'd from.the Point (a) to the Bafe (1 b) fo ma^ 
ny ‘Times equal to the greateft, as we had before 
difposd Lines gradually increafing, we end 
pos 
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posd a Parallelogram, double to. the former Tri- 
angle, (I. AX. of the Elements.) And confequently,, 
the uniform Motion, gradually increas'd from the 
Point of Reft, is in the given time double to 
the former, O. E. D. PORE iis 

"IV. The Lines which Bodies by any urging 
uhifotm Force do defcribe, are in the duplicate 
proportion of the Times, 7. e..if the Times be Se- 
conds, One, Two, Three, Four, Five, ec. the. 
whole Lines defcrib'd will be amongft themfelves, 
as Ofte, Four, Nine, Sixteen, Twenty-five, oc. 

which ate the Sqhares of the former, - For if any 
Body Whatever, by any urging uniform Force 
whatever, fhall as it falls defcribe in the leaft 

Portion of Time, .as one Second, fome Line ; in 
the fecond equal Portion of "Timeir will defcribe 
a Line equal to the former, by reafon of the con- 
tinuation of a Force equal to the former ; and 
becaufe of the gradual Acquifition, and [ncreafe 
of the Velocity of Motion, it fhall by Lemma the. 
Second defcribe a. Line double to the former ; 
therefore from both Canfes conjoin'd it will now 
defcribe a. Line treble to the former. . But in the 
‘Third Particle of Time, by reafon of the Force, 
of Gravity flill a&ing, a Line equal to the for- 
mer will be defcrib'd ; and becaufe of the Velo- 
city of the former, which was double to b, con- 
tinued in the equal Time a Line will be defcrib'd | 
double to the former, that is, quadruple of the 
firft, and fo from the Forces conjoin'd a Line will 
bé defcrib'd five-fold of the Firft ; and fo forwards 
from the continual Impreffion of Gravity a Line 
equal to the firft will always be to be added, and 
then another Line equal to the firft by reafon that 
the Velocity is continually increas'd by one Part ; 
and confequently, two Parts cr Lines equal to the 
firft are every time to be added; and confeqently, 
: i] the 
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the entire Lines defcrib’d in every fucceffive Par- 
ticle of Time will be to be defign’d perpetually’ 
by odd Numbers, Seeing therefore (by Lemma 1.) . 
the odd Numbers added one to another do orderly. 
make all the Square Numbers, the Lines of thefe 
Moments added together will neceffarily make the. 


entire Lines of the Moments to exceed the latter. 


the foregoing in a duplicate Proportion, or in 


the Proportion of a Square Number to a Square. 
Number. Thus if in one Second of Time Bo- 
dies be carried downwards by the Force of Gra-. 
vity about Sixteen Englifh Feet, as is manifeft. 
from Experience ; they will in two Seconds be. 
carried Sixty-four Feet, and in three one Hundred _ 


Forty-four Feet, or thereabouts. 


Or according to Galileus in his Syftema Cofmi- : 
cum, we may demonftrate the Propofition thus. 
( Fig. 8. Plate 3.) Let equal Times be repre- | 


fented by equal Lines a b, b c, cd, d e, and the 


Velocity in the end of the firft time-bg, by the. 
Line (b 1). Seeing then, that. Velocity. which , 


Le 


the falling Body hath in that Place, was acquird - 


not together and at once, but gradually, and in-a 
certain Space of time, reprefented by the whole . 
Line(a b) from the continual and uniform accele- 


rating Force ; therefore it is neceffary, that it 


fhou!d have had all the leffer Degrees of Velo- 


city before it got that Velocity ; from whence 


thofe former Degrees of Velocity will be repre-. - 


fented by leffer Lines drawn from the Parts of 
the Time ab parallel to the Line ; and feeing the 


Pi di fih Velocity doth increafe uniformly 


£oing. 


be defcribed from all thofe Velocities join'd toge- 


with the Times, thofe Lines ac- 
cording to the Method of indivifi- |. 
bles will conítitute and compofe the Triangle, 
(ab,r). Therefore the whole Line which fhall | 


ther, 
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ther; will be proportional to the Aggregate of all 
thofe Lines, that is, to the Triangle (a b 1) ; and 
will rightly be reprefented by that Triangle. But 
in the fecond time, when the Body fhall now 
have acquir'd a Velocity proportional to the Line 
(b1) and reprefented by the fame; with that 

aly Velocity continued, ic will defcribe a Line 
faible to the former, and confequently to be re- 
prefented by the Parallelogram (a b x h) or (b x 
k'c) double to the Triangle (a b 1) ; and over 
and above,by the new Velocity, arifing as before, 
from the perpetual and uniform Incitation of the 
fame Force, a Line will be defcribed equal tothe 
firft Line ; therefore if you add both Forces to- 
gether, in the fecond Time, the Line defcribd 
will be treble to the former, and to be repre- 
fented by the Trapezium ; and the Sum of the 
Lines defcrib'd in the firft and fecond Time, 
will be to the Line defcribed in the firít time 
alone as the Triangle (ac 2) is to the Triangle 
(a b x) ; that is, in the duplicate Proportion of the 
homologous Sides (ac) and (a b) which repre- 
fent the Times ; or as the Squares of the Times 
themfelves. In like manner, in the third Time 
the Body with the Celerity hitherto acquird, or 
the mere permanence of the Motion now got, 
will defcribe a Line to be reprefented by the Pa- 
rallelogram (c2 n d) ; and by the new added 
Force arifing from Gravity ftill, and continually 
uniformly inciting, will defcribe a Line to be re- 
| prefented by the Triangle (2 n 3.) From whence 
the Line defcrib'd in the third Time will be five-- 
fold of the Firft, and to be reprefented by the 
Trapezium (2 cd 3) ; and the Sum of the Lines 
in the firít, fecond, and third Times,’ will be to 
the Line def{cribed in the firft time only, as the 
Triangle’ (ad 3) isto the "Triangle (a b'1) or as 
ES | the 


the Height of the Defcent of the | other, - And 
fo on ad: infinitum. in ip i e i tsp d 
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VE SIPS E a Body. fhall begin. to. tend: up- | 
^A LEN. wards» with. that fame- Velocity- | 
e 1 Se which it had acquir'd in the End:of 

e ye its Defcent,it will afcendto the fame. a 

i. “Altieude in. the fame Time, from. |. 
whence it before defcended, and fhall equally lofe 
its Velociry in equal Times. |... TL 
For, by Force of what was demonftrated. in: | 
the laft Propofition it appears; that the ,Velos. 7 
city once; acquir’d , as (5.4). will; jwaysuden i 
. | ‘{cribe d 
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foribey an. equal-Parallelogramr, whether the Body 
nfcend or defcend ; But feeing the new Force of 
Grayity in the Defcent increafes.by the Triangle 
(4mi4 3) andin the Afcent diminifheth the fame 
byoan equal Triangle; it is manifeft that the 
Trapezium now to be. defcribed in the Afcent 
will-be-equal to.the Parallelogram before defcrib'd 
in the Defcent, to wit the Trapezium 32 QI s 
and fo on.From whence the Lines defcrib'd which 
are proportional to thefe Trapeziums, and the 
Velocities proportional to the Bafes of the Trape- 
ziums; will every where be the fame in the A- 
fcent that they were in the Defcent ; until at 
length the Body: reacheth to the laft Point of the 
Afcent in the fame; time; that ic had defcended 
from it. ads Lapackte:st 22rr5rd | 
VI. The Celerities of heavy. Bodies acquird by 
defcending upon divers Inclinations of Planes will 
be equal, if the Elevations ofthe Planes or their 
perpendicular Altitudes be equal. : | 
* Let EG bea Line perpendicular to the Hori, 
zoft, and E E. a.Line inclin'd. to the. Horizon 
(Fig. 1.. Plate 4.) in, any Angle whatever, and 
let G.A. be perpendicular to EF., I fay, that . 
any heavy Body whatever will acquire the fame 
Velocity in defcending along the inclined Line 
EF,which it would: acquire in the Line EG by the 
pérpendicular.Fall. Por from. what 
was demonftrated before, the Force, 
of Gravity in the oblique Plane Ne 
EF, is to the Force of Gravity in the perpendi- 
‘cular EG, as A.B is to AC, or, on account 
of the likenefs. of the Triangles A C B, E.F G, 
as EGto EF; or becaufe the: Triangle EGA 
is like to them, as E.A is to. E G. From whence, 
by ‘veafon) of the divers Forces, .the Motion 
atid Velocity of the Body .defcending along 
eoru Ge ora a d nli D ve 


Corol. 2. Law 
of! Mot. 23. 
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E A in the inclined Plane, will be to the Motion 
and Velocity of the Body defcending along EG, 
the Time of the perpendicular Defcent being gi 
ven, as EA is to EG, or as EG is tooEF 
and the Velocity of the "Body defcending ‘along 
E A, unto the Velocity of the fame defceriding 
along E F, will be in the fubduplicate Proportion 
of EA to EF, that is, in the rom 
VI &. Elements. portion of EA unto E G. ‘Theres 
fore the Velocity of the Body : ii. 
the Point A, is to the Velocity of the Body in the. 
Point F, and to the Velocity of the fame defcend= 
ing perpendicularly i in the Poifit G, in the fima 
Proportion, to wit, that of the Line E A to the 
Line EG, or‘that of the Line E G to the Line. 
EF. From whence it appears, that thofe Velo-- 


cities are equal one to the other. Q. E. D. 1 

'Coroll. (1.) Whilft a Body falling perpendicush 
larly defcribes the Line E G, another falling ob-— 
liquely will defcribe the Line EA, EE 


by the Perpendicular G A. 


Corell. (2.). The Time of the perpendicular Fall 
is to the time of the oblique Fall, in the fubdu-— 
plicate Proportion of the Line EA to the Line | | 
EF; or as the Line E A is to the Line E: [c 
that i is, in the proportion of the perpendicular Al- — 


titude EG: to the oblique Line EF. From | | 


whence, by how much the Velocity is diminifh'd 
on account of the diminution of the Force, — 
it.is increasd , by reafon .of the increafe of © 
the time ; fo that in the fame perpendicular Alti- — 


tude there always remain the fame Velocity, | 


whatfoever may be the obliquity of the inclined | 


Plane to the Horizon. 


Coroll. (2.) The Times of Defeats upon Planes 


diverfly inclind to the’ Horizon, but whofe 


Elevation or perpendicular ‘Altitude is the — 


fame, 
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fame, and betwixt themfelves as the Lengths of 
the Planes. For the time of Defcent by EF is 
to the time of Defcenc by E G, (Fig. 1. Plate 4.) 
according to what hath been already demonftra- 
ted, as E F is to E G ;and the time of Defcent thro’ 
E G is to the time of Defcent thro E H as E. G to 
EH; from whence by equality of Proportion, the 
time of Defcent through E F will be to the Time 
of Defcent thro’ E G,as EF isto EH, Q. E. D. 

Coroll. (4.) If a Body defcend from the fame 
perpendicular Altitude, with a continued Motion 
through how many foever and whatfoever conti- 
guous Planes, as EI, IK, KL, howfoever in- 
clin'd, it will always acquire the fame Velocity in 
the End ; that, to wit, which it would have ac- 
quired by falling perpendicularly from the fame 
Heighth. For by the Dermination of Mr. Hz- 
gens, the fame will be the Velocity, according to 
what hath been already demonftrated, of the Bo- 
dy (Fig. x. Plate 4.) falling to the Point I, whe- 
ther ic fall along EI or MI; from whence the 
Velocity will alfo be the fame in its going along 
IK, as in falling along NK ; from whence the 
Velocity will be the fame at the Point K, whe- 
ther the Fall were through EI or IK or along 
M K, or even NK ; from whence will follow 
that there will be the fame Velocity in falling 
along K L at the Poinc L, which would be 
the Defcent were according to one fingle Plane 
NL, or two Planes MK and KL, or even 
‘three’ Planes, ELI, IK, KL; the fame to wit, 
according to what hath been already demonftra- 
ted, which rhe Body falling perpendicularly could 
acquire ac the Point G. Q.E. D. 

* Coroll. (5.) Hence it is alfo manifeft, according 
tothe Determination ofthe fame Hagens,thara Bo- 
dy deícending along che Circumferénce of a Cir- 
cle, or à Cycloid,or any Curve Line HERBST ENS 
| ame 
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fame Velocity will always be acquir’d, if it de! 
fcend from an equal Altitude ; and that that Ve- 
locity will be fo great as the Body ought to ac-: 
quice by a perpendicular Fall from the fame Alti-- 
tude. For Curve Lines are as it were, compound- 
ed-of many innumerable right ones ; and fince the - 
Propofition is true in any rectilinear Perimeters’ 
whatever, and how many foever, it will be true 
likewife where they are in Number infinite, that 
is, where they endin Curve Lines. QLE.D. | 
Coroll. (6.) Hence it alfo appears, that if an hea- — 
vy Bodys Motion be turned from a Defcent up- 
wards, it will afcend unto the fame Heighth from 
whence it came, along whatfoever Plane conti- 
euous Surfaces, and in what fort foever inclin'd it 
fhall be carried. For as before, (Prop. 5. Fig. x. 
Plate 4.) the fame will be the Velocity in any 
Point K and J, whether the heavy Body defcend 
or whether it afcend ; from whence certainly the 
fame will be the Limit of the afcending or de- 
fcending Velocity, the fame the Term of it at the: 
Point E. From whence alfo, if there be an infi- 
nite Multitude of Planes; that is, if the Surface 
be Curve, the Body will arife along the Curve - 
Line alfo unto the Height from whence it came, 
and no higher. | ay ; 
. Coroll. (7.) Tf a Body falls perpendicularly, or 
defcends along any Surface whatever ; and then 
fhall, from the Force acquird by the Defcent be 
carried upwards along any other Surface ; it will 
have in Afcending and Defcending the fame Ve-- 
locity in Points of equal Heighth. And if the 
Plane or Surface of the Afcent be like and equal. 
to the Surface of the Defcent, ic will afcend in. 
equal time in which it defcended. Thefe "Things | 
do fo clearly follow from the Things already de- 
monftrated, that there needs no more Words 
about them. | — Lenmas 


Aa c 
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ents) Lemmata to the tb Propofition. 


— (1.) If à Curve Line be of that Nature that ic 
will every where fuftain the Force of Gravity in 
proportion. to its length i fo that by how much 
the Part of the Line to be defcrib'd is the greater, 
by fo much will the accélerating Force be the 
greater, and altogéthér in the fame Proportion ; 
and by how much the part of the Line which is 
to be deferib’d is the lefs, by fo much the lefs will 
the accelerating Forces be, and this in the fame 
Proportion ; the Times of Defcent along fuch a 
Curve, whether the Arches deícrib'd be greater or 
lefs, will always be equal to one another. For the 
elocity in the givén Time is as che moving 
orce ; if therefore the Line to be défcrib'd be 
alfo as the fame moving Force, it will be likewife 
asthe.Velocity ; but if the Velocity of the Mo- 
tion be every where as the Line to be defcribed,it 
is manifeft, thac any Line whatever, whether 
ereat Or. {mall, ought to be defcrib'd in the fame 
time. But that chis is the, Nature and Property 
of the Cycloid is what comes to be demonftrated 
in what follows. _ oF aes i ae 
Lemma (2.) Let D A C ( Fig. 2. Plate 4. ) be 
a Semi-cycloid, DF A half of that Circle which 
produced the Cycloid; and from any Point in 
the Cycloid as B, let there be drawn the Line 
BE parallel to the Bafe D C, meeting the Semi- 
 Gircdle DFA in E ; then let the Chord AE be 
drawn, and from the Point B in the Cycloid the - 
Line BL, parallel to the Chord AE; the Line 
BL will be a Tangent to the Cycloid in the 
Point. B. bte d | ie 
Lemma (3.) And the Arch of the Cycloid AB 
will be equal to the double Chord & E.' "Thef 
Basi" <1 ER A | "t WO 


- 
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cwo Lemmata are manifeft from the Elements of. 
E has Wik the Cycloid ; and we have chem. 
Vol.I. P. $33 (s.  Qemonftrated by the famous. 
‘ À Sir Chriflopber Wren and others. 
VII. Ina Cycloid inverted, whofe Axis is ere- 
&ed perpendicular, the Times of the Defcent. 
wherein a Body let down from any Point what- 
everin it, comes to the loweft Point A, always 
equal betwixt themfelves. . 
Let BA and OA beany Arches whatever in 
the Cycloid, and BL and ON the Tangents in 
. the Points B and O ; and let EA and FA be 
Chords of the Semicircle D F A or parallel to the 
faid Tangents, by Lemma thefecond: let AF be 
produced to the Point K. "There are therefore by 
the third Lemma,Lines to be defcribed by the Bo- 
dy placed in one Cafe at B, in the other at O, 
which are betwixt themfelves as the Chord E A> 
is to the Chord FA ; but the Force in the 
dire&ion of the Tangent BL, or the Chord 
EA parallel thereto, is in the fame Proportion 
to the Force in the dire&ion of the Tangent 
ON, or AF which is parallel thereto. For 
(Fig. 2. Plete 4.) as the Square of EA is to the 
Square of F A, fo isthe verfed Sine E.P to the 
 verfed Sine FP; orfois KM to FP; or fo 
is KA to FA. Therefore the Chord A E is 
3 Geometrical Mean proportional betwixt the 
Chord AF and the Line AK ;and confequent- - 
ly AF, AE, AK =. But the Force of Gravity, 
according to what hath been demon- 
pens ?. f^ ftrated, which is inthe Plane A E, is 
A to the Force of Gravity in the Plane 

AF, as AK isto AE; that is, as the Chord . 
AE isto the Chord A F. ; and thus every where. 
But the Line.to be defcribed is asthe fame A E 


is tothe fame AF ; andconfequently the acce- 
| lerating 
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lerating Force is every where in the fame Propor- 
tion asthe Line which is to be defcribed, and 
therefore, the Times of the Defcent are every 
where equal. Qi ED... 

Coroll. (1.) If therefore we, form other entire 
Semi-Cycloids Q RT, OS C like and equal to 
the former A T.and A C, the Vertices whereof 
touch the Bafe of the other at the Points T and — 
C ; and the heavy Body. V hangs from the Center 
Q upon the Thread O R V, which. is, equal. to 
ODA, or the double.of.D A; and be.mov'd be- 
twixt thofe Semi-Cycloids QR T, QS.C, che 
pendulous: heavy Body will from the Evolution of 

the Thread deícribe the entire primary Cycloid, 
as is manifeft from the Properties of.the Cycloid, 
and will perform the Vibrations of what Ampli- 
tude foever, even to the greateft of them TAC, 
in the fame times exactly, and fo that the Center 
of thé Ofcillation fhall always be in the Curve 
Line it felf TAC. | : | 


its 


~Corall. (3.) By reafon alfo of the fame Coinci- 
dence of the -leaft Arches of the Circle and Cy- 
cloid in the loweft Point, the Vibrations in the 
Circle will be fo much;the more in equal Times, 
by how;much the defcrib’d Arches are the lef: ; 
Mii: Gained Kin hati if RU cU fo 
omi ^ 
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fo that in very fmall: Arches they may ety well 
be reckon’d to be in equal times ^ n 

Coroll.(4.) Therefore ‘in Periditlum Clocks which. 
have longer Strings or Wires for the pendulous — 
Bodies to {wing by ;the Times of the Vibrations ft 


' the leffér Arches which are defcribéd, come near. | 


er to an Equality, than théy do where the Strings 
or Wirés are fhorter ; and confequently;che forme; 
Clocks are.to be préferp d far béfore the latter: 
‘Coroll? (s) T he "Fimes-of Vibrations in den 
Cycioids are in the fubduplicate. Proportion of the 
Eloise or Radii -Q ‘Ali or the Len ths of the - 
Pendulums are in the duplicate Proportion of the 
Times ; this will eafily appear from’ what was de- 
monftfated (Prop. 4. ) before, as applied to the pre- 
fenc Cafe! Bur it isto be noted, that the fame 
Thing is'alfo to be underftood " of the Times of 
Vibrárions in Circles as well ' “aS inh Cloids. 


ee ee ee ae Matters 


Thus; becaufe a ‘Peridulom OF 39) 25. Inches pers 


form any Vibrations whatever in ‘a. Cyeloid "and 


alfo rhe leaft Vibrations in'4 Circle in th etitiie 1 


one Second, a Pendgliin? of 1. $7 nchi woul 


make the like Vibrations f 4n it fime’o vue o Se- j 


conds, and one of. 3L ; Thg inte 
2 Sécópds f s lic 


space of 


Cil: (&) Since 2 aimed i an ibrations 


wharever ate equat. ima Cy yeloid. ‘only; ahd) lip on 
this Account only ate "to Ber 
leaft circular Pu: it ms Wit, Todo SOR 
of the Cycloid and Cittte doincide Ho. 0, where 
elfe bitin the en Points? they ed iT every 
other Place fufficiently different from ue anos 
ther ; Fe ie manifett anal the Vibrations‘in Arc 
of a Ofae ate fon Dao, Jefs Tfoch RE Hoa. 
how. mach the co bt ty are s "and c ENS quii - 
A , 7 ly, that! in’ reer Arches hey a 
demo far edough "témov'd from "Tochró- 
nifm. Anda ecording to Hugens, the 
dime 


eckotrd. en Kind i 


Arches | 
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time of Defcent ina Quadrant of a Circle, is to 
that which is in the leaft Arch, as 34 to 29, fup- 
^pofing that the Vibration is made in a Vacuum. 
Which therefore will arife to a very fenfible Dif- 
ference when we compare the greateft Vibrations 
nd the leaft together. | EE | 
> Coroll.(7.) Becaufe it appears from Experiments, 
and the Computation made thereupon, that each 
fingle Vibration to and fro, where the Pendulum. 
% 96,85 Inches long (each one I mean ina Cy- 
cloid, and the leaft in a Circle) is perform'd in 
94,25 Thirds of Time, or 1°. 34 12$. And-be- 
caufe, by what’ Hagens hath demonftrated,; the 
‘Time of Vibration isto the time of, the iperpen- 
dicular Fall along the Quadruple of the Diameter 
of the generating Circle; or along double the 
Length of'the Pendulum = r93176 Inches, or 
16,1 Emgli[b Feet, as the Circumference of the 
Circle is to the Diameter doubled ; | 
or as 9425 Thirds of'Timeto 600r |, Honea pe 
one Second, [for355:226:94" E25 * ge ug b 
6o" — 1" ; | thence ic follows, that — fug, Prop. 12. 
an heavy Body will defcend by the — 
Force of its Weight 16,1 Ezplifb, or 15 75 Feet of 
Paris, in the fpace of one Second. Which Velo- 
city of Defcent, deduced from the pendulary Ex- 
periments, agrees notably with the faid Author's | 
Experiments about falling Bodies ; and therefore 
is to be accótinted for certainly true. Euh 
© Coroll, (89°Therefore thé perpendicular Line of 
MER ‘being given for apy {pace of time, 
the Eine of Defcent; whether Perpendicular or 
Oblique, is given for any other Space of Time;as 
NE 4m the duplicate. Proportion of the 
Time Thus in a-dire& Fall,'as cen Seconds 
Square = roo is to the Squareof one Second — 1; 
fo is 1610 'E»xgl;[b Feet defcribd in 10 , co 16r 
Feet defcrib’d in one Second, And in aisle De- 
£s | cents 


£, 
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{cents it isnot much otherwife. For the Lines of 
-Deícent in an oblique Plane are by the fame Rea- 


fon one to another as the Squares of the Timess 


all the Difference: is, that the Force of Gravity” 
which is the Caufe of the Defcent, is to be dimi- 
nifh’d in this Cafe in the Proportion of the Perpen- 
dicular Line to the oblique. (See Fig. x. Plate 4. 
~'Corell. x. Pr. 6.) For fince the oblique heavy Body, — 
as we fhew'd before, defcends in the fame time 


through the Line E A, that the Perpendicular | 


doth through the Line E G ; it is manifeft, that 
the moving Force is every wherein the fame Pro- 
portion. "Therefore if we put the Cafe, that the 


heavy Body defcends along a Plain fo very ob- - 


lique, that E G is only a third Part of E F 5 what 


we have to do is only to diminifh the Force of the | 
Gravity in the fame Proportion, fo that the Body | 


be fuppos'd to defcend along a Line of $137 Feet 

only in the fpace of one Second, and the Calcu- 

lation will be the fame as in the dire& Fall. 
November 27,1704. 
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VIII. MTS LI Proje&iles not, perpendis - 


cular to the Horizon, defcribe 


"S d © Parabola’s, fo far as: they are — 
$J5À not hindred by the refiftance of — 


dicte the Air. | 


(Fig. TOM Plate 4.) Let any Body be. fuppofed X 


at T, and let it in any given time tend by the | 


Foree of the Horizontal Projection according to 
the Tangent TE, from T to a, fo far as it is not 
&inderd by fome other Forez: Then let the 
ul Sa | Force 


— 
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Force of Gravity furpervene, which aéts in the 
Line. T K perpendicular to.che Horizon, or any 
of the Lines parallel to it, (al b m, cn, do; e p) 
for by reafon.of the great diftance of the Center 
ofthe Earth; thofe Lines are to-be accounted for 
Parallel. Since therefore, the Force of the Pro- 
jection begets an. pniform equable Motion, ac- 
cording to the Direction Te or Fl, Gm, Hn, 
Lo, K p, which; are parallel to the fame T E, 
and the Velocity;of this Motion, ac- arise 
cording to the primary Dire@ion, fuf- 7:0 
fers- nothing from the Force of, Gravi- | 
ty,that fupervenes ; the Body will in the end: of 
the firft time be found fomewhere in the Line 
(al) ; of the fecond Time fomewhere in the Line 
bm, of the third fomewherein cn, of the fourth 
fomewhere in do, as being Lines parallel and 
equi-diftant. Then let us confider the Force of 
Gravity as fupervening, from which alone in the 
mean while, .that the Body would by the proje- 
&ile.Force alone defcribe the Line Ta, it is car- - 
tied downwards according to any little Line T F 
oral, fo that. if. there were..no other, moving 
Force but this of Gravity, the Body would in the 
End of the firft time come to.the Line F1. Since 
therefore, the Velocity of this.Force fuffers no- 
thing from. the combination of. the projectile. 
Force. therewith, any more than the Velocity of 
this latter fuffers from it, the Body, notwith- 
ftanding the projectile Force will bé found (till in. 
the end of thefirff time in the Line Fx. From. 
whence it appears, -that in the end of every time, 
it muft by the Conjun@ion of thefe Forces be. 
found in the Interfzctions of thofe Lines al and- 
El, bm and Gm, @c. to wit, in the end of the. 
firft time in,the Point L, of the fecond in the ' 
Point M, of the third in n, of the fourth. in 0, 
and fo on. Since therefore, if al be of one Part, 
. ; bm 
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bm is4, cn iso, do is 16, ep is 25, and fo 
on, they being amongft themfelves by Prop. 4. as. 
the Squares of the Times or Diftances Ta, TB, 
Tc, T d, Te and from the Nature of the com- 
pound Motion, TF is to TG, as F1 {quared is. 
to Gm fquared, and fo in the reft. And fince, 
according to the primary Property of the Parabo- 
la, the Abfciffes of any Diameter whatever T’F 
and TG, are alfo betwixt themfelves as the 
Squares of the Semi-ordinates Fl and Gm, it i5. 
manifeft, that the Points 1, m, n; o, p, are in thé 
Curve ofa Parabola,the principal Diameter where-- 
ofis T K ; and TE; T G, TH, TT, TK, are the 
Abfciffes, and Fl, Gm, Hn, Io, Kp, are the 
Semi-ordinates. — And feeing all the Things here. 
demonftrated do alike belong to any Diameter 
whatever, how oblique foever the Tangent of the 
fame may be to it, as well as to the Axis ; it is 
manifeft, that the Trajedtorigs of all Projectiles 
are univerfally trhly parabolic thats, fo far 4$ 
they are fot. hindered by ‘the’ Refiftance of the 
Mediam. Q, E. D^ oon ebiawawod bor 
* Coroll. (x.) Hetice we may learn the Foundatia 

ons of the Art of Gunnery. ~ Por fince all Pro- 
je@iles carried tg any Inclination whatever, “do 
defcribe Seine Bae Teffér, ‘or at leaft'a 
greater or leffer Part of the fame Parabola, fo far 
as they are not binder’d by the refiffance of the 
Air, and'feeing the Air is of finalF or no moment 
for the retarding the Motion of thefe Projectiles; 
by reafon of their Solidity, and the Velocity of the 
Motion ; it is plain that the principles of that Art 
are to, be taken’from.the Nature of the Parabola? 
Thé Ufe of this Corollary extends it felf a .— E. 

way, and will. be illiftrated in ‘the Sequel By Bas 
ny Examples taken ons of the faid Art. — — . 2 


Cor oll, 
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Cá oll; ¢ ».) The Velocity of a Projectile being 
d Meo the Angle of Inclination may 
, there will alfo ‘be given the diftance of the 
Feeds ‘of the Parabola, from the Point where the 
Projection begun. Lets (See Fig. 4. Plate 4.) 


be the.Point of the ‘Projection, where the Proje- 


aite l being thrown along the Tangent sy, begins 
to; move in a parabolic Curve, and let sv be the 

ine.'to be defcrib'd by the Body in. any given 
time | by. the projectile Force alone ; let alfo v c, 
OL, ST ‘be a little Line. to be defcrib'd by the force 
of Gravity alone in the fame.given time. In the 
end. therefore of that time, the Proje@ile will be 
fee ot in the Point of the Parabola ; and by rea- 
on of the given Force ‘of Gravity. às “well as of 

Projection, there will bé given alfo, whatfoever 
may be the Inclination of the ‘Tangent to the 
Horizon the Lines vc or sr and sv or cv, 

at is, the Abfcifs of the Diameter s 0, and thé 


for on inate of the fame ; the third Proportional 


ich two is the Latus velum belonging to the 
AA s; which, therefore will neceffarily be gi- 

fü " when the former things ate given. ‘From 
ila hence "alfo, the fourth Part of that Latus rectum, 
which is che. diftance. ‘of the Vertex s. from thé 
Focus of the Parabola will alfo be, given. Although, 
therefore, from the fame Velociry” of. Projection, 
que Parabola’s. will ‘be deferiv’a” jm divers Ele- 


‘vations, yer the pes i of them” As I be: dare 


giftane from thie” Vértex or Point where the: Mo- 
ion began, and 'confequenr will be. placed in a 
ee whofe’ Cetiter. Li E that Point; | 


n (C9) The Hn rizontal Rig fs) then the 
As eft; when | 4t ‘ig! dire&ed Accol ing to aTineé 

hich is in the middle betwixt the Horizon- 
we perpendicular Lines, or ‘ih an Angle ‘of 


45 
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‘4s Degrees above the Horizon. For, feeing the 
principal Vertex of any Parabola whatever, de- 
fcribd by Projedtiles, is in the greateft Height of 
. the Projectile, under which in the Axis it felf the 
Focus D E is placed ; feeing the Diftance of the 
fame Focus from the Vertex is given : Seeing laft- 
ly, the Horizontal. Range will be the longeft 
where sF, the diftance of the Vertex s, from the 
Focus, is meafured by e g an Ordinate to the Ax- 
is paffing through the Vertex.s; fince thefe things 
are fo,the Horizontal Range will certainly be the 
longeft, where sF the diftance of the. Vertex s. 
from the Focus, coincides; with sg the Ordinate 
to the Axis ; for otherwife, by reafon of the gi- 
ven diflance of the Focus, 3 Fsg will be greater 
than. s F. doubled : But where s F coincides with 
sg, sg will be double to sF, and confequently, 
the Horizontal Range will be the longeft, where 
sF coincides with sg ; thatis, where the Angle 
vsh íishalfright. For the Angle vs f.compre- 
hended by.the Tangent vs and sF, the diftance 
of, the Vertex s from the Focus is always équal to. 
the Angle.b so, comprehended by the fame Tan- 
gent, and so the Diameter of the Parabola. If 
therefore, the Angle b.so.be an half right.one, 
- vsF will alfo be an half-right one, and confe- 
quently the Angle osF will be a right one, and 
the; Line: s F, will become sh, and will coincide 
with the Ordinage sg, and the Ordinate sg will 
be:the longeft, Horizontal Range of all. ^... ron 
~ Coroll,.(4.)..Since, therefore, the Tangent of 
the; Parabola,;doth only;in that Cafe. compre- 
hend with the Diameter an half right Angle, 
where t toucheth..the fame. at the Extremity of | 
che principal:Latus rectum, which paffech through 
the Focus 5 it is manifeft, that every longeft Ho- 
vizontal /Chft will be comprehended betwixt. Pus 
Hd SORE TROON "Dos IN 
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‘Part of the parabolic Curve that is placed above 
the latus rectum, the Focus it felf being in the Ho- 
'rizontal Line ; and that the higheft Altitude from 
‘the Horizon in this Cafe is T F, a Quarter of the 
: principal Latus rectum. | | 
~~ Coroll. (s.) If the Angle of Elevation differs 
equally from an half-right one, whether ic be 
greater or lefs, the greateft Horizontal Range will 
egually be diminifh'd. For becaufe of the right 
Angle hso, and the Angles vs F, os b, which 
are equal one to the other, their Excefs or Defect 
with reference toa right Angle, will be equal to 
the Angle Fsh, whether the Focus be above the 
Horizontal Line, as in the greater Elevation, or - 
beneath it, as in the lefs Elevation. But the 
acute Angle Fsh, and the right one: Fhs, . 
and the Side Fs being given, there is given 
withal the Side sh the femi-ordinate of the 
Axis, and sg the ordinate determining the Ho- 
rizontal Range. Thus in two Projections of equal 
Velocity, where the Angles of Elevation are one 
of 40, the other of 50 Degrees, the Horizontal 
Range will be equal on both Sides, and in like 
manner in the Degrees 30 and 60,20 and 7o, &e. 
as is well known to them that practife this Art. 
Coroll. (6.) 'The Horizontal Diftances produced 
in a given Velocity, in divers Angles of Elevati- 
on, areas theright Sines of the double Angles of 
Elevation. 'To wit, as gs is every where, fo is 
hs the half thereof ; but in the right Angled 
Triangle Fhs, becaufe of the given Radius Fs, 
andthe Angle h Fs, double to b so, the Angle 
of the -Tangent and perpendicular sh will be 
every where the right Sine of that Angle ; and 
confequently, che Horizontal Diftances will al- 
ways be betwixt themfelves as thofe Sines. , 


Coroll. | 
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. Coroll. (7.) The Times. of every Horizontal 
Range from a given Velocity in divers Degrees of 
Elevation,are betwixt themfelves as the right Sings 
of the Angles of Elevation. Let one Body be 
thrown (fee Fig. 4. Plate 4.) according to the 
Angle of Elevation lcd, and another according 
to the Angle LA D. I fay, that the time in 

which the firft Body reacheth through the Pars 
bolic Arch cT] to the Point |, fituate in the 
fame Horizontal Plane with the Point c, will be 
to the time in which the latter Body reacheth | 
along the Arch A tL (Fig. 5. Plate 4.) tothe 
Point L, fituate in the fame Horizontal Plane 
with the Point A, as the Sine of che Angle d cl is” 
to the Sine of the Angle D. A L. For let there be. 
in thefe Figures, as taken together, ^ A equal to 
dc: Ae alfo (becaufe of the Equality of the 
Time, in which the Bodies together would de- 

fcribe the equal Lines d c and ^ a by the proje- 
étile Force alone) will be equal to dl. But by’ 
the Nature of a Parabola before declared, D Lis 
to Seas DA fquaredis to ^ A fquared ; or as. 
DL fquared isto D I fquared. Therefore DL, 

Ai, Ae, are three Lines continually proportio- 

nal. And fince (Prop. 4.) the Lines DL, ^e. 
are in the duplicate Proportion of the Times, ^i, 
and ^ e- will themfelves be. in the proportion of 
the Times ; therefore, the former Time will be to 
the latter, as ^ e, or dl is to ^1 ; that is, as the 
Sines of the Angle of Elevation d cl and DAL. 


Coroll. (8.) The greateft Heights of Projediles - 
in a given Velocity in divers Angles of Elevati- 
On, are one to another as the Squares of the right 
Sines of the Angles of Elevation. "To wit, as | 
dl or ^ e fquared is to Al fquared, fo are the 
greateft Altitudes dl or ^ e to DL. Q.E.D. 

qae: Coroll. 
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Coroll. (9.) The greateft Altitude of Proje&iles 
in a given Velocity, is where the Projection is 
erpendicular to the Horizon, and is the 4th Part 
ofthe Latus reium, which in a given Velocity is 
always given ; as in this Café the Parabcla ending 
in a right Line, the Vertex T (Fig. 4. Plate 4.) 
coincides with the Focus E, and the higheft Ale- 
tude becomes equal to Fs a quarter of the given 
Latus rectum and confequently, which is to be 
noted by the way, half of the longeft Horizon- 
tal Range , as we fhall prefently demontftrate. |. 
Coroll. (10.) The Angle of Proje&ion being 
given, but the Velocity being chang'd, both the 
highet Altitude, (Fig. 4. Plate 4.) that is, the 
principal Vertex of the Parabola, end the longeft 
Horizontal Range, or the Ordinate sg will be 
changed in the duplicate Proportion of the Velo- 
city. The former Part is manifeft from what has 
been before demonítrated, feeing the Altitudes of 
the Lines,or their Afcents,or Defcents, are always 
in the duplicate Proportion of the Velocities. by 
‘Prop. 4. foregoing. And from this Part of the 
Propofition the other alfo follows; for, becaufe 
of the likenefs of all Parabola’s, and. of the like- 
refs of the Parts of like/Figures on both Sides, if 
the Altitude Th be changed in the duplicate 
Proportion of the Velocity, the reft of the Lines 
alfo, as sh and sg will be changed in the fame 
Proportion. But the latter pare of the Corollary 
may alfo be eafily deduc'd otherwife, and from of 
the Nature of the Parabola it felf ; for let us put 
the Velocity to be twofold greater than it was be- 
fore, in this Cafe, in what time the Projectile 
would defcribe before the Line s v, it will now 
defcribe the double of that Line ; but becaufe of 
the Uniformity of the Force of Gravity ,. the 
| Line 
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Line vc or sr will not be changed. Therefore, 
as vc or st given is Double to the Line sv, 
fo is that double Line to another Line, to wit,) 
the Latus Re&um of the Vertex s, which is Four- 
fold of the Latus Re&um that belonged to that: 
Vertex before. From whence the Fourth Part of! 
this Latus Re&um, or sF, will be Fourfold alfo of. 
SF the fourth Part of the former Latus Re&um 51 
and becaufe of the Likenefs of the Triangles 
sFh, sEh in both Cafes, the Lines sh and sg” 
will be Fourfold alfo of themfelves, sh and sg; 
and foin thereft. The longeft Horizontal Range | 
therefore in a Velocity Twofold greater, 1s Four-\ 
fold greater, in a treble Velocity Ninefold, and 
fo in infinitum.Nay, indeed it is generally to be af 
firmed, that all the Lines in a Parabola which are 
like, and in the like manner placed, are always. 
increas'd and diminifh'd in the duplicate Propor-. 
tion of the Increafe and Diminution of the Ve- - 
locity; as may be gathered from what has been - 
already faid. | | s 
Coroll. (11.) The longeft Horizontal Range of | 
every Parabola, is equal to half the Larus Rectum 
belonging to the Vertex that terminates the prin-_ 
cipal Latus Reéfum. For in that Cafe, Fs is equal: 
tosh; but Fs is the fourth Part of the Larus 
Re&um belonging to the faid Vertex; and sg'is | 
double to sh; from whence sg is half the long-_ 
eft Horizontal Range of that Latus Rectum. a 
Corll, (12.) Hence we may determine the; 
longeft Horizontal Range belonging to every” 
Degree of Velocity. For let it be made thus, as 
the Line sr, defcribd in one Second of Time by 
the Force of Gravity = 16|1 Englifh Feet, is to” 
the Velocity of the Projectile sv, or rc, to be. 
computed in the fame Time ; fo is that Velocity 


to a fourth Number, which will give the Laetus. 
Recium 
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Reétum of the Vertex s in the fame Feet: But the 
half of this Number will give the longeft Hori- 
zontal Range, as is abundantly manifeft from 
what hath been faid.. Thus, if the Projectile Ve- 
locity be fo great, that it would carry the Ball 
One Thoufand Englifh Feet in one Second, fay - 
x6|r: 1000: 1000: 62112 the Latus Re&um of 
the Vertex s in Englifh Feet. The longeft Hori- 
zontal Range therefore is 31056 Feet; beyond 
which Diftance, as nothing can be reach’d, fo 
within ‘the fame it may reach any affign'd Place 
whatever, as will be fhewn in the next. 
Coroll.(x5.) Probl.(1.) To reach by 2 Pro- 
je&ile, ina Given Velocity, any Place whatever 
affign'd in an Horizontal Plane,: not diftant a- 
bove half of the Latus Re&um of the Vertex s. Let 
the Place be at the Diftance of 20,000 Englifh 
Feet, and che Velocity. be the fame which was 
fupposd in the.foregoing Corollary. Becaufe 
therefore the Velocity. is given, there is given 
the. Latus Rectum of . the. Vertex .where the 
Projectile will begin. its Motion in a Curve, and 
confequently the 4th Part thereof, or the Line 
Fs, to wit, of 15528 Feet. But according to 
what was faid before, sh is 10000 Feet. 
From thefe things therefore, let there be found 
the Angle hsF by this Analogy, as sh istos F, 
or as 10000 is to 15528; fo will the Radius be to 
the Secant of the Angle F sh, to be found by the 
Table of Secants ; to wit, 49°. 47'. Which Angle 
being taken out of a right one, or fuperadded 
thereto, will give the Sum of the equal Angles 
vsFT and os b ; the half of which vs F, orosb, 
will determine the Angle which the Tangent v b 
ought to comprehend with the Perpendicular so ; 
to Wit, of 90*.—49?. 47'.—40". 13’, (or 90°. X 49°. 
474-2139. 47.) the half of which is 20°. 
j K. j 6. 
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€'.19". oF 69°. 53°) 30". to. wit, according as we 
would have the Elevation’ greater «or: leffer chan. 
the Mean. ^ 1f therefore a Leaden Dall'be thrown 
with the given Velocity in the faid Angles, dtwill: 
defcribe the Parabola required, and confequently 
reach the: Place affign' d; without any other: Decli-- 
nation from the Mark’, than what the Refiftance. 
of the Air makes, which- indeed is fo fall,’ that 
it ought not to be regarded.’ Thus we Have folv’d 
the Problem; and taught’ hows with a given Vez 
eity, to hit any Mark "in: any Horizontal ‘Plane, 
which is nóttoo far diftant. <9) ^5 coYoea 
~YCoréll. (x 4Y.* Problem’ (2.)' To réach by'#Pro- 
jectile Motion,” in a ‘given Elevation clany 
Place affien’d: in an Horizontal Plane!s ‘that is, 
from the "Diftance of the Place? givén' $ cand 
the "Angte hs v “given to determine thé Velocity. 
$vy Cplere eie 'Osadrüple/of s F will give the La 
jus Rellum belonging tothe Vertex $2 Thats: | 
thetéfote may be found, vC or'sr i$ tó Be drà: 

into ché^Ouadrüple of sf; and*front thétice will 


arife aRe@angle equal to the’ Square of visor ers 
fhe Quadratick Root therefore being extracted 
6ut of that’ Rectangle; - there willbe found sot. 
c t; that Semi-ordinate which the Projeétile ought 
to defcribe in one Second of Time. ^As for Ex- 
ample’: Let sg, the Diftance ‘of the'Objec, bé 
as before, to wit, 20000 Englifh Feet, amd thé 
given Angle hsv 69* $4:/49'2 (OPH: Angle 
Esv, óorósb, will be of 20% :6'//50'*. and°the 
Angle Fsh'of.49*. 47. ^ Whence ; ^ fromthe 
Tables of Sines, the Proportion of thé Line sh 
to Fs willbe that of 10,900 to 15,528. "From 
whence F's will be given, dnd the Lati Reéup Of 
the Vertex sof 62112. Feet; which Nutiibérbe: 
ing drawn into v c/or-sr — r6|r Feee,:? there 
- will arife the Rectangülar Number 1065,066, the 

^3 {quare 


, 
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{quare Root whereof is 1000, which affords the 
Number of Peec in the Line sv. If therefore in 
the given Angle , the. primary. Velocity. of :the 
Projectile be fuch, as to carry it, One "Thoufand 
Feet in one Second of ‘Time, it will reach the. 
-Mark g placed in the Parabolick Curve s Tg, if 
dtíis not a little retarded by a very.fmall Refiftance 
of the Air, And che Computation is altogether 
the fame, if the Angle Fsv, or os b, were fup- 
-pàs'd to bé 69°. §3'.'30".-as will eafily appear from 
what was faid in the laft Corollary foregoing. -- 
-iQoroll. (1$.) Hence alfo 5 ,from. the. Elevation 
given, or from the Velocity givenyany Place what- 
ever, as | may be! réached that is placed out.of the 
Horizontal Planes that is, if in. the fame Parabola 
produc d, if there be Occafion, we note fome other 
Point, as g; placed in' the Horizontal Plane.; For . 
the fame: Caft:; which. reacheth. to. che. Place g, 
will alfo reachrinto:];! or. aüy other. Place firuate. 
in the fame Parabola. | cme 
Coroll. (16.) The Velocity of a Body which 
defcribes a Parabola, is every where as a right 
Line drawn from T , the Vertex of the Parabola 
unto the Middle of the Semi-ordinate} or as part 
of the Tangent drawn betwixt the Point of Con- 
ta& m, and the. Axis; that is, as the Secant of 
the Angle of Elevation above the Horizon. (See 
Fig. ». Plate 4.) .For the Line to be defcrib'd 
in the given Time, isas the Diagonal of the Pa- 
rallelogram m QR P ; thé Side whereof m Q is 
always given, and in P isequal co bm doubled, 
orto SG.» Therefore che Velocity in the Point. 
m, .is'to the- original Velocity in.the Point. T, às: 
mR isto PR, oras Smisto'G M ; and: this dt 
is'every: where; | Therefore the; Velocity in, £n-j 
any Point of. the Parabola, is to the Velocity o ny; 
which is anyother Point of the Parabolà, as the. 
I2 ; K 2 | Pare 
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"Part of the Tangent Sm is to Part of che Tan- 
gent X4, both being taken betwixt equi-diftant 
Diameters b m and TG; that is, as the Secants. 
of the Angles of Elevation. .9. E.D. |. A 

Coroll. (17.) The leaft Velocity of all therefore 

is in T, the Vertex of the Parabola ; and the Ve- 

‘Jocity is always by fo much the greater , by how 
much the greater the Diftance is from that Ver- 


tex. 
-— Coroll, (18.) If therefore the Velocities of Bo- 
dies, thrown in divers Angles, be in the Propor- 
tion of the Secants of the Angles of the Elevati- 
on above the Horizon, they will all of them de- 
faribe the fame or an equal Parabola, that is, 
Parts of the fame or an equal Parabola; Parts 
greater, where the Angle of Elevation 1s greater, 
and leffer where the faid Angle is lefs. But if ; 
the Velocities be in fome other Proportion, they - 
muft needs defcribe divers Parabola's , or Parts of - 


divers. | 
.: Decemb, 4. X714. 
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A Lemma to. the oth and following Pro. 
| pofitions. | 


a: 


age E. xe 


CQ H E Quantity of the Centripetal Force 
of Bodies mov'd round in Circles, is 
eQ T 4£? to be eftimated from two things con- - 
2 jun@ly, to wit, the Curvature of the: 

| Arches defcrib’d at che fame time, and 


the Velocity of the Motions in that Curvature. 
: For 
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For fince all Motion is in it felf Rectilinear, and 
Bodies can be mov'd in Curves only by a centri- 

tal Force imprefs'd from without ; it is reafo- 
nable that the Velocity being given, we fhould 
determine the Curvature, which is generated from 
an extrinfic centripetal Force only , proportional 
a the fame Force. And on the other Side, fince 
to greater centripetal Force is requir'd to the ma- 
king the fame Curvature, where the Velocity of 
the Projection, or of the equable Original Moti- 
on is the greater , and a lefs centripetal Force is 
requir'd where the faid Velocity is the lefs: It is 
reafonable that the Curvature being given, we 
fhould determine the centripetal Force, propor- 
tional to the fame Velocity. As therefore in com- 
paring Re&angles,we determine their true Propor- 
tions by thofe of their Longitudes and Latitudes ; 
fo itis likewife co be done in the comparing of 
centripetal Force ; by defining, to wit, their true 
Proportions in every given Time, from the 
Proportions of their Curvatures and Velocities 
conjun&ly. Let it therefore be laid down for a 
certain Truth, That the Proportions of centripe- 
tal Forces are every where to be eftimated from 
the Proportions of their Curvatures and Veloci- 
ties conjunaly. 

Scholium. For the Underftanding the true 
Proportions of Curvature and Velocity, we are 
to obferve, that the Curvature is every where 
equal in the leaft equal Angles, if the Subtenfes 
of the Angles of Conta& be one to another, as. 
the Radii or Diftances from the Center ; as the 
Proportion of like Figures doth altogether re- 
quire: And if the Curvature doth recede from 
that Proportion of the Diftances, the Proportions 
of the Excefs or Defect are to be taken for the 
true Proportions of exceeding or deficient Curva- 

K 3 | ture; 


Ns 


134 Muwlbbidtical P bilofopby. | 


L b) r 
j Wt 
S 

ss 


ture, which are afterwards to be computed.” But _ 


fider'd according to that Degree in which it ferve 


i 


as for the: Velocity, it is every where to be con-. 


tó'promote the Angular Motion; and confequent- 


Iyoevery where in a Line Perpendicular to the 
Radius, or, which comes to the fame; it is to be 
eftimated in ché leaft Circular Arch.’ For where- 
foever the Direction of the Motion is either up- 
wards or downwards, by how much the Velocity 
is increas'd, by fo much is the Curvature always 
diminifh’d; and foon the contrary : The Quan- | 
tity which arifeth from the conjun& Forces of. 
the fame, being yet in no wife chang'd; which | 


is to be obferv'd every where. | 


~ YX. If two: Bodies do in equal (. Fig. 5. Plate 
3.) Times run over Two whole unequal Cir- | 
cumferences bd ge, and BD GE, with an e- 
quable Motion, the centripetal Force in the grea- 
ter Circumference will be to that which is in the | 
lefs, as the Circumferences are one to another di- © 
rectly ; or, which is the fame, as their Diameters — 


For becaufe of the Curvature given on both 1 
Sides, to wit, that of a whole Circle ; the cen- - 
tripetal Force-in the greater Circumference will ^ 
be to that which is in the Lefs, as the Velocities — 
of the Bodies ; that is, as the Circumferences of 
the Circles, diredly. OQ. E.D... ^ - E : P 
> Corollary: lf the periodic Times of Bodies re- 
volving in Circles be Equal, then both the Velo- — 
cities, and the centripetal Forces proportional to — 
_ the fame, will be one to another, as the Circumfe- _ 


ee 


rences or Diameters of the Circles dire@ly ; and — 


on the contrary, if the centripetal Forces of Bo- | 


dies revolving in Circles, be one to the other, as 
the Circumferences or Radii of the Circles di- 


& 


+ 


rectly ; 
3 209 23 
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 re&ly ; then their Velocities will alfo; be in the 
fame Proportion, and the periodic’ Times will 
be equal. | ps : 
'-"Corol. (2.) If the ‘Force of fome central attra- 
give Body be dire&ly as the Diftances from the 
fame Center; the periodic Times of all Bodies. 
revolving in Circles about the central Body will 
be equal. And the fame Thing is to be afferted 
‘of Ellipfes ; fince their entire Curvatures -be e- 
qual to the entire Curvature of any Circle what- 
ever; and their Circumference an intermediate 
one, as it were betwixt the Circumferences of 
Circles, taken on this Side and on that. From 
whence from the Equality of periodical Times in 
Circles, whether greater or leffer than Ellipfes, it 
will be obvious enough to afcribe the fame Equa- 
lity of periodic Times, to the intermediate Ellip- 
fes alfo about their Centers. ROC 

— X. If two Bodies revolve in the fame, or equal 
Circles with unequal Celerities, but both. with 
an equable Motion, the centripetal Force of the 
Swifter. will be to that of the Slower, in,the 
Proportion of: the Celerities duplicated ; or as 
the Squares of: the Arches defcribed together. For 
becaufe of the given Cürvature of equal Circles 
in equal Arches; increafing together with the 
Velocity, the Curvature alfo will increafe in the 
fame Proportion ; therefore the centripetal Force, 
which is to be eftimated from the Curvature , 
and the Velocity conjin@, will be’ in a given 
‘Time in Propottiom:of the’ Arch, to the Arch 
defcribed at the fame Time, upon Account of the 
Velocity ; and in Proportion of the fame Arch, 
déferib’d: at the fame Time, confiderd in re- 
fpect of the Curvature ; from whence by the Con: 
junétion of both Proportions, the centripetal 
Force will be (the Reétangle being reduc'd toa 
9 von REL Square,) 
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Square) in the duplicate Proportion of the Are 
ches defcrib’d at the fame Time ; or as the Squares 
of thofe Arches. Q. E. D. 2 
Coroll, (1.) Since the Periodic Times in equal. 
Circles are reciprocally Proportional to che Velo-- 
cities, che centripetal Forces will be reciprocally 
in the duplicate Proportion of the periodic. 
Times, or as the Squares of the periodic Times 
reciprocally ; fo that by how much the Square of 
the periodic Time is the greater, the centripetal 
Force is fo much the lefs ; and by how much that. 
Square is the lefs, fo much the greater is the cen-- 
tripetal Force, and in the fame Proportion: ;] 
Coroll. (2.) If many Bodies be mov'd in Circles. 
about many Centers, each about their own, and 
this at the fame Diftance every one from the Cen- 
ters ; the attractive Force of the central Bodies will 
eafily appear, fince they are amongft themfelves 
as the Squares of the Times reciprocally ; and the 
Velocities alfo will eafily appear, fince they be 
in the reciprocal Proportion of the periodical | 
Times. nu 
XI. If two Bodies be carried in unequal Cir- | 
cles with equal Velocity, their centripetal Force 
will be in the reciprocal Proportion of their Cir- 
cumference or Diameters; fo that in the leffer | 
. Circumference there will be the greater centripe-_ 
tal Force, and in the greater the lefs. i 
For becaufe of the given Velocity, the centri- — 
petal Force in the given Time, will be as the Cur- — 
vature of equal Arches, that is as the Circumfe- 
rences, the Diameters or Radii dire@ly. Q.- 


Coroll. ( x.) Since the periodic Times in — 
Bodies equally fwift, are betwixt themfelves in 
the fame Proportion, as the Circumferences to 
be defcribed; if the periodic Times of Bodies 

: mov'd 
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mov'd in divers Circles, be dire&ly as the Cir- 
‘cumferences of the Circles, che centripetal For- 
ces will be as thofe Circumferences or Radii re- 
ciprocally ; and on the other Hand, if the cen- 
tripetal Forces be as the Radii or Diftances reci- 
procally, the periodic Times will be as the Radii 


Gorell. (2.) If the Force of any attra&ive cen- 
tral Body be reciprocally as the Diftances of 
Bodies from the Center ; fo that by how much 
the nearer Bodies approach thereto, fo. much the 
greater the central Force is; and by how much 
they are more remov'd, fo much the lefs ‘is that 
Force: The peroidic Times of Bodies, plac'd at 
divers Diftances, will he as thofe Diftances di- 
re&ly, and the Velocities of chofe Bodies will be 
equal. | 

XII. If two Bodies be mov’d in unequal 
Circles, with an unequal Velocity, in the 
fub-duplicate Proportion of the Circumferences; 
Diameters, or Radii, the centripetal Forces will 
be equal every where, and neither increas'd in 
the Accefs or Recefs. 

For becaufe of the greater Velocity in the 
greater Circle, and this in the fub-duplicate Pro- 
portion of the Circumferences, the centripetal 
Force is to be increasd in the greater Circle in 
the fame Proportion. And becaufe of the greater 
Curvature in the leffer Circle, and this in the 
fub-duplicate Proportion of the Circumferences, 
the centripetal Force is to be increas’d reciprocally. 
in the leffer Circle. It is therefore manifeft, That 
the centripetal Forces are to be increas’d on both 
Sides in an equal Proportion, and confequently 
that they are till equal on both Sides. Q. E. D, 


As 


^ 
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As for Example, Let the Radius of the greater 
Circle be Fourfold of the Radius of the leffer 
Circle, or as 4 to x ; and let the Velocity in the 
greater be to the Velocity im the leffer, in a fub- 
duplicate Proportion of the Radii, or as 2 to nm 
Seeing now the Curvature of the: greater is equal 
to the Curvature of the leffer, in like Arches, 
and in Arches equal, is to the fame reciprocally 
_ as the Radii ; it is neceffary that in a double Arch, 
which the double Velocity in the greater, will 
defcribe in the given Time, the Curvature fhould 
be half of the other. The Velocity therefore of 
the former Body is to that of the latter, as 2 to 
_x3 and the Curvature-of the latter to the Curva= 
ture of the former, as 2-to 1. From whence the 
Quantity of the centripetal Force in the former, 
will be to the Quantity of the fame in the latter, 
as a, Rectangle made of the Velocity of the for- 
mer, drawn into. the Curvature thereof ; or as” 
2X1, is to a Rectangle of the Velocity of the 
latter, and the Curvature of the fame conjunély, 
_oras 1x25 that is, in the Proportion of Equali- 

ty : And thus every where. 

Coroll. (2.) Since the periodic Times be in this | 
Cafe one to another, in the fub-duplicate Propor- 
tion of the Circumferences, Diameters, or-Ra-- 
dii, the Squares. of the periodic Times will be 
betwixt themfelves as the Circumferences, Oc. 
If therefore the Squares of the periodic Times 
be one to another asithe Circumferences, &c. the 
centripetal Force will. be equal in all Diftances,. 
and the Velocities in the fub-duplicate Proportion | 
of the fame. Circumferences, Diamers, $c, And | 
on the other Hand , rif the centripetal ‘Forces be | 
equall in all Diftances, the Squares of the perio- 
dic Times, will be as the Diftances or Radii ; and 
| the 
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the Velocities ftill in the fub-duplicate Proportion 
of thefame. — pi sd Biungt wos 

" Coroll. (2.) If the centripetal Force of any at- 
tractive central Body be altogether the fame in all 
Diftances, the Velocities will be in the fub-du- 
plicate Proportion of the Diftances; and the 
Squares of the periodic Times will be to one a- 
nother, as thofe Diftances or Diameters, or Cir- 
cumferences. ' 

XIIL If two Bodies be movd in unequal 
Circles , wich an unequal Velocity, in the 
fub-duplicate Proportion of the Circumferences, 
@c. reciprocally ; fo that in the greater Circle 
the Velocity be the leffer, and in the leffer Circle 
the,greater, and this in the faid fub-duplicate re- 
ciprocal Proportion, the centripetal Force will be 
reciprocally as the Squares of the Radii or Di- - 
ftances. ' IS 4 Hoy» 

. For becaufe of the leffer Curvature in the 
greater Circle, and this in the fefquialteral reci- 
procal Proportion of the Radii ; and becaufe of 
the leffer Celerity alfo in the greater Circle, and 
this in the fub-duplicate Proportion of the Radii, 
the centripetal Forces to be dériv'd from: thefe 
conjun& Proportions will be in the duplicate reci- 
procal Proportion of the Radii, or reciprocally 
as the Squares of the Radii. Q. E. D. | 

For Example: Let the Radius of the greater 
Circle be Ninefold of the Radius of the leffer, or 
459 to 1r; and let the Velocity in the greater be 
to the Velocity in the leffer in the Subduplicate 

Proportion of the Radii reciprocally, or as 1 to 5. 
Seeing the Curvature of the greater is to that of 
the leffer as before, that is, in like Arches equal, 
and in equal Arches reciprocally as the Radii : It 
muft neéds be, that in an Arch equal to the Third 
Part only of the other, which the Third Part gs 

1, the 
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the other's Velocity will defcribe in the Given - 
Time, fhould be in the Greater only one 27th — 
Part of the other, or as 1 to 27. ‘Therefore the - 
Velocity in the greater Circle is to that in the lef- 
- fer as x to 3, and the Curvature in the greater to 
that in the lefs, as 1 to 27. From whence the — 
Quantity of the Centripetal Force in the greater, 
will be to the Quantity of the fame in the leffer, — 
asa Rectangle of the Velocity and Curvature in. 
the greater conjun&ly, or as rx 1— r is to the” 
Rectangle of the Velocity and Curvature in the. 
lefs conjun&ly, or as 4 x27 = 81 ; that is, as the 
Square of the Radius of the lefs xo — x isto the 
Square of the greater = 81. And fo every where. 
For the Periodic Times will be to one another , 
as 27 is to x ; that is, in the Sefquialteral Propor- 
tion ; for 27 is a Geometrical Mean Proportional | 
betwixt 9 and 81; and confequently the Propor- — 
tion of 27 to r, contains the Proportion of 9 to 1; - 
and the halved Proportion of 81 to9, or the Sub- ^ 
duplicate of 81 to 27, [1:3:9:27:81: +.) and thus | 
every-where. | ) i 
Coroll. (1.) Seeing the Periodical Times in this — 
Cafe are one to another in the Sefqui-plicate Pro- - 
portion of the Radii, the Squares of the Periodi- 
cal Times will be betwixt themfelves as the Cubes — 
of the Radii. If therefore the Squares of the 
Periodic Times be betwixt themfelves as the. 
Cubes of the Radii, the Centri-petal Forces will | 
be betwixt themfelves as the Squares of the Radii _ 
reciprocally ; and the Velocities ftill in the Sub- | 
duplicate Proportion of the Radii reciprocally. 
And on the other hand, if che Centri-petal Forces 
be inverfly as the Squares of the Diftances or Ra- 
dii, the Squares of the Periodical Times will be . 
- betwixt themfelves as are the Cubes of the Ru A 
an 
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and the Velocities ftill in the Subduplicate Pro- 
portion of the Radii reciprocally. 

Coroll. (2.) If the Centri-petal Forces of any 
Central attractive Body whatever be in divers Di- 
ftances from their Center, as the Squares of thofe 
Diftances reciprocally, the Velocities of Bodies 

revolved in the divers Diftances will be in the Sub- 
duplicate Proportion of thofe Diftances recipro- 
cally ; and the Proportion of the Periodical Times 
duplicated, will be equal to the Proportion of the 
Diftances triplicated, or the Squares of the Perio- 
dical Times will be betwixt themfelves as the 
‘Cubes of the Radii. | | gta 
Coroll. (3.) If the Motion be in an Ellipfis, then 
let the Middle Diftance betwixt the greateft and 
the leaft be taken; and then alfo the Squares of 
‘the Periodical Times will be as the Cubes of the 
Radii as well as in Circles. [2 

XIV. If two Bodies be carried in unequal Cir- 
cles with an unequal Celerity ; fo that by how 
‘much greater the Radius, Diameter or Circumfe- 
 rence is, fo much the lefs the Velocity is ; and by 
how much the lefs the Radius is, fo much the 
greater is the Velocity, and this in the Recipro- 
‘cal Proportion of the Radii, the Centri-petal 
Forces will be as the Cubes of the Radii recipro- 
cally. is | 

For becaufe of the leffer Celerity in the greater 

‘Circle, and this in the Reciprocal Proportion of 
the Radii; and by reafon alfo of the leffer Cur- 
'vature in that Circle, and this in the Duplicate 
Reciprocal Proportion of the Radii, the Centri- 
petal Forces to be deriv'd fromfthofe Conjun& 
Proportions will be in the Reciprocal Triplicated 
Proportion of. the Radii, or as the Cubes of the 
fame reciprocally. - | k 

$ 
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^'Asfor Exaniple :.: Let the Radius of the greater 
Circle be Twofdld-of the: Radius of the: lefs, 
as‘2 to x.) Aid let:the Velocity in the greater be 
 to'the Velocity invthe lefs Reciprocally as the Kae 
diior.as rto: In this Cafe the Curvature of 
the greater will be to the Curvature of the lefs in 
the-Given Timeas:rto 4: ‘Thereforeithe Velo- 
city in the leffer, is to the Velocity inthe greater, 
as'2 to x; and'the Curvature iri thé lefs, to the 
Curvature in thé: greater, as 4 tolr.: From whence 
the Quantity-of the: Centri-petal Force in the 
lefs,- will be to'the Quantity of the fame in the 
greater; as the Rectangle 2 X 4 —8 is to the Re&t- 
angle. x1i—r, oràsthe Cubes of the Radii re- 
e eom 5 d oj fo Rives ao Henn ABSiM « ina M 


Caroll. (x ) Since: the Periodie. Biies bed in 
this Cafe in the Duplicate Proportion of the'Ra-- j 
dii; afithe Squares! of the Periodic "Times be | 
betwixt chemfelves,'as the Biquadrate:of the Ra 
diigior which is the fame, if the Periodic Times - 
themfelves be one to another as the Squares of the 
Radiiz the Centri-petal Forces will be betwixt 
themfelves as the Cubes of the Diftances or Radii 
inverfely,: andithe Velocities inverfely as che Ras 

diiiizAnd onthe ‘other-hand, if the Centri-petal 
Forces be inverfely as the Cubes of the Diftances, i, 
the-Periodic Times will: be betwixt themfelves as 
the Squares.of the Radii ; and:the Velocities Pe 
as the Radiithemfelves : inverfely. | : 

Gorell. (2:)': If che: Centri-petal Forces of. any. 
Central attractive Body whatever be in divers Di- - 
ftances from theitCenter, as che Cubes of chofe | 
Diftances reciprocally; the Velocitiesof Bodies res | 
volved in divers Diftances will! bein the Recipro+ - 
cal Proportion of the Diftances! ‘aiid the: Pero 

dic 
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dic Times in the Duplicate Proportion of thofe 
Z Coll. Gp) All the fame ‘Things concerning 
Times, Velocities, and Centri- petal Forces, where- 
by Bodies defcribe. like Parts of any Curves what- 
ever which are like; and have their Centers in the 
like manner pofited, do follow from the Demon- 
firations of the foregoing Matters which were ap- 
plied to Circles in particular, as applied to the o- 
ther Cafes. si BVOC fi. Qiu E * | 

- Selolium. ^ Since the Cafe of Prop fition 13th 
hath‘place in the Celeftial Bodies; to wit, that the 
Squares* of the Periodic "Times are every-where 
one ‘to ‘another as' the Gubesiof the Diftances ; 
and that’ Gonfequehtly thé Centrixpétall Forces are 
as the Squares of the Diftances reciprocally, and 
the Vélodities in che-Sub-duplicate "Proportion of 
tHof& Diftances ‘reciprocally Since; Ifay, this 
Cafe hath place in the Syftem of the World, and 
chis" Alone, as our Gounttymen , »Sir Chriffopber 
Wei, Dto Hook, and Dr. Halley have fevetally Col- 
lé&éd- atid chat the fameris now generally recei- 
ved'amohgít Aftronomers'; "This moft roble Cafe 
requires to be more largely and diligently’ confi- 
der'd in what follows. while. che! Confequences 
of the’ teff are ‘but more! lightly: and <curforily 
couch’é ‘upon! anidnoleb (2.8 0: biawiot zd eimi 
pe ] Felt ot meth be aris vd shen 
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^ j sünec so 
XV. EX OS HE Area s, which revolving Bos 
BN dies do defcribe by Radii, drawn 
€9 T €* unto an unmovable Center of 

: SA @ . Force, do both lie in immovable 
| | Planes, and are proportional to 
the "Times, and fo in any given Time every- 
where equal; the Velocity of Motion in 
the leffer Diftance, and the Slownefs thereof in. 
the greater fo tempering the Defcription of the 


— - Areas, that from thofe various Diftances no dif- 


ference of the Spaces run over in the given Time 
doth ever arifé. = or er digsdis) 
For let :the Time be divided into equal : Parts, 
and in the firft {mall Time let the Body by its 
innate Force; or by a: projectile Motion defcribe 
in the firft Part of Time, any right Line, as A B. 
(See Fig. 6. Plate 4.) The fame Body in the. 
fecond-equal Part of "Time, if nothing hinderd, 
and no other Force was imprefs'd on it; would go 
ftraight forward to B c, defcribing the.Line B c, 
equal to A B, fo that the Area's A S B, BSc, 
made by the Radii drawn to the Center S, would 
be equal. But when the Body comes at the Point 
B, let a centripetal Force, whether it be an At- 
traction, or fome Preffure tending to the Center 
S, a& upon the fame Body by one fingle Impulfe, 
which is to the proje&ile Motion asany Right 
Line, as Bg to Bc; this new Impulfe will make 
that the Body fhould decline from the Right 
Line B c, and go forwards in another Right Line, 
| to 


a 
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to wit, B C the Diagonal of the | 
Parellogram Bg Cc; fo that the Law of Mot. o3; 
ad equal Part of Time being com- — Íoregom& —' 
pleated, the Body. will be to be —— 
found at the Point C, in the fame Plane with thé 
Triangle ASB. Join SC, and the Area defcrib’d 
by the Radius drawn from the Center to the Bo- 
dy, that is, the Triangle SB C will be equal to 
the Area of the former ; that is, to the Triangle 
SB c, (by I. 37. of the Elements,) and confequent- 
ly to the firft Triangle SAB, to which, by what 
was faid before, S Bc is equal. By the like Ar- 
gument in the 3d equal Part of Time, the Body 
would reach by rhe Proje&ile Force ( which be- | 
ing once imprefs'd doth ftill endure) from C tod: 
(o chac che Line C d, which is to be defcribed , 


Curve Line, the Sides of a Polygon ending in à 
| mU vE à; Curve, 
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Curve, and by. uda of the-continued' anc 
ver-ceafing Action of the Centripetal Force, , ie 
Body will perpetually be drawn back from the'Ta 
gents of the Curve, and the Areas likewife; by th e 
fame Reafon as before, will, till be defcrib’d, in 1 
unmoveable Plane , and. be Proportional . to AE 
Times. ©. E. D. , 1 $ 
"ns Corti (X0. 1 ern the. Velocity, o£. a 1 Body 
revolved about a Center, which is eftimated ac 
cording to a Line perpendicular to the Radius 
‘will be in the reciprocal Proportion of the Di 
ftances; for otherwife the Equality, of. the. Area 
could in no wife be kept... _, cal 
Coroll. (2.) The Angular Velocity. of. a. Bod! 
about the Center of Force, will likewife, bei in th 
reciprocal Duplicate Proportion of the Di iftances 
For fince the true Velocity is 1n. che imple, recipro 
.cal Proportion of the Diftances; : as we. have. Leer 
already, and the Diftance- of the Center i is, th 
greater by. how much the Motion i is the. flower 
‘and, in the fame Proportion ; it' is manifeft,, t tha 
“that angular Velocity with, réfpedt. to the. Cent e] 
of. Force, is.in the duplicate Proportion, of ch 
"Diftance reciprocally. | 
Coroll.. (3). Where the Pofition of the fe: en 
EC “perpendicular to the Radius, or Diftance from 
the Genter, and, the, Velocity of the. ‘projedtil j 
Motion makes thé Cen itriftiga I Force exaétly, pro 
portional or; Corre Sate to, the Centtipet a 
"Force of che Centra Body 5. the’ Body will neithé 
apt roach to the Center, fior recede from it,,-but 
“will be carried perpetually with a-circular Motion f 
about that Center... - * 
Coroll. (4.) But. where the. Pofition of ha Ta l- 
. gent is oblique to che Radius, although the Velo: 
city of the Projectile Motion be proportionate and 
correfpondent to the Centripetal Force, that Cen- 
tripe 
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tripétal Foréel vill fóniéwhat. incredfe 'even the 
lit defcénding’ Motion’ by. confpiring together 
Wirh it, “and: fontéthing! diminifh'-even’ the leatt 
afcetiding Motion byOppoting ity undi ac length 


ue d di 


Pd we 


cus” or ac the mean Diftarice ; and' tlie: Velocity 


Motion will Be&ómé >not. Circular but Elliptic : 
whilft the. Body;' a3’ it i$ in’ défcending; doth 
by litcle and little acquire anew Force, by which 
MERE Y. Seen Y arl. Zi. AA A QUITE bs! 
it fhay ‘afterwards afcend; and as it is in afcend- 
ing,” doth by degrees loféfome Force by which it 
^ n yog. tmu n T " P qM PESE ^ WE m: 
afcénded before; ‘until at’ lengtiptie Cenrripetal 
'orce overeóming it; "be “compell’d to: defcend : 
And'thüs perpetually: Prom! whenée:icis maná- | 
feft; “by ‘what tiedhs am Ellipsicy Motion may — 
anie “from-a~ Motto imipré& dc according to an 
ne: Trae TAL 2tietl n olii ST NE 
) UM Line ;-in-thé?inean while that the very 
fame Motion impréfs'd; according to a-perpendi- 


cular Eine, would have'produc'd' a Motion altó- ^ 


eather Oiiculuet 19:5 w 50 Nay dioe x | 
Goral.( 6.)1f in VactiétheArea's deferib’d be not pro: 
MS: SSE CH TES dij « Hu por- 


148 Mathematical Pbilofopby. 
portional to the Times of the Defcription, the 
Forces do not tend unto a Concourfe of the Rays. 
For if they tended thither, the Areas would ne- 
ceffarily be proportional to the Times. Which is’ 
contrary to the Hypothefis. | * 
Coroll. (7.) In all Mediums, if the Defcription 
of the Areas be accelerated , the Forces tend ni 
unto the meeting- together of the Rays, but con- 
fpire rather with the Proje&ile Motion ; if the 
Defcription of the Areas be retarded, that is, 
more than the Refiftance of the Medium requires, 


the Forces tend not unto the meeting-together i 


Cafe (x.) For becaufe of the Equality. of the 


Cafe (2.) And it is the fame thing, whether che 
Plane in which the Body defcribes the Curviline- 
ar Figure doth reft, or whether it be mov'd toge- 
ther with the Body, the Figure defcribed, and its | 


Central Point S uniformly ftraight forward. 
Where- 
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Wherefore the Demonftration of the former Cafe 
will hold in chis alfo. — $ 

Scholium. A Body may be urged by a Centri- 
petal Force, which is compounded of divers For- 
ces, (as for Example, the Force of heavy Things 
towards the Cehter of the Earth, is compounded 
of Forces tending to all the Parts of the Earth, as 
will appear afterwards; ) And in this Cafe the 
Senfe of the Propofition is, that chat Force which 
is compounded of all, when it is reduc'd to one, 
ends to:the Center of that Force. 

Coroll.(x.) Seeing therefore in the Syftem of 
-he Primary Planets the Areas defcribd by Rays 
drawn to the Center of the Sun, are always pro- 
portional to the Times ; as is well known to Aftro- 
nomers, the Planets are perpetually urged by a 
Force tending to the Center of the Sun ; and in 
che fame manner muft we reafon concerning the 
Secondary Planets, as revolved about their Prima- 
ry ones, Saturn, "Jupiter, and the Earth. 

Coroll.(2.) As the Velocity of divers Bodies 
about a Center of Force, where that Force 1s 
as the Squares of the Diftances inverfely, is in di- 
vers Circles in the fubduplicate Proportion of the 
Diftances inverfely , as we demonttrated before ; 
fo from this and the foregoing Propofition it fol- 
lows, that the Velocity of the fame Body defcri- 
bing any Eccentric Orbit, taken as placed in its 
divers Diftances from the Center, let che Condi- 
tion of the Centripetal Force be what it will, is 
as is the Diftance inverfly; i.e. if the Veloci- 
ty be eftimated by a Circular Arch, or in a Line 
perpendicular to the Radius as before : The Caufe 
of which divers Velocity is this, that in divers. 
Circles the Areas in that Cafe are not équal on 
both Sides, but according to the Greatnefs of the 
Diftance greater, and in the fame Proportion of 


Las ‘the 
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the Magnitude alfo: greater ;: wheti notwithftandz 
ing, in the Revolution of the:fame Body;! the 
Equality of the Areas doth altogether: require 4. 
. Velocity reciprocally proportional to the Diftancez 
Thus , if two Planets are revolv'd.about the Sum 
in divers Circles,:ithe Radit'-of which do exceeds 
one, the other in the ‘Quadruple Proportion; the 
remoter Planet woüld'be' carried with a Velocity 
which isonly:double tosthat Of the other Bao if 
the fame^DJaet;: pérforining its ‘Circuits im aver fe 
Eccentric Ellipfis; be, placed fometimes ata great i 
&ry femetimes atrd leffer:Diftance ;-and the fame, 
as before , exceeding anid falling fhore byrturtisam | 
the Quadruple: Proportion, the: Velocity will bé. 
in the reciprocal; Proportion of the-Diftancesg 
and; in! the: leffers Diftance: exadlyi Quadruplenof 
the jother ; ;and':fooin: any: Diftances’ whatever, 
Which thing;ought:to be kept incmind; in the 
Gentemplation, of: the! whole: Planetary Syftemé 
. XVII. Every Body, which by aRay drawn te 
the'Genter of, any other’ Body: howfoever mov’d 
deferibes Aréas about that Body. proportional ta 
the Times, is urged-by a Force compounded of 
Centripetal Foree tending toi the óther-Body, an 
of- all the accelerativé: Force. wherewith the other 
Body is urged. For if finttiof jalhche Plane, an 
che-Genter,of -Forces in thei-Plane,; doi réft,. the: 
Areas will be: proportional to the ‘Limes: and if 
hoth, Bodies beiaceelerated with the famé Celerity, 
accotding to;parallebLinés,. the Ameas will ftill res 
rain proportiéngl tote Timeso” From whence, 
hinceiby the Hyporhefis thé Areasiremain propora 
tieagbxo the "Tintes »botli ché Centripétal: Forces; 
the, @aule of them; will remain, cand the acceles 
raüviedreree nwitk remain;évery :whétre the fame 
comma Gmste Of Celerigyihicoss wd. hie died 


e 


do nommoqoid snis orb wj; bas .35:5315 Sod E 
ad de Coroll, 


v La 
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. Corell, . (12 If_any Body whatever doth with a 
Ray drawn to the Center defcribe Areas propor- 
‘ignal to the Times, and there be fubdu&ed from 
is whole Force -wherewith the former Body is 

; whether Simple or Compound, the whole 
necelerative Force, wherewith the latter Body is. 
urged, all the remaining Force. wherewith the 
former Body is urged, will tend unto the other 

ody, as to the Center. 

Corp. (2.): And if.thofe Areas be nearly pro-' 
soitional to the Times, the remaining Force will 
rend. to. che other Body very near. ( 

oett (32 And. on the other hand, if TATE 
mais ning Force doth come very near to the tend- 
Log o EQ other Body, thofe Areas will very nearly 
- proportional to-the "Times. 

~Coroll, (4.) If a Body doth with a Ray drawn 
to another. Body defcribe Areas, which, when 
compared with the. Times, are very unequal 
thereto. ; ‘and that other Body doth either reft, or 
iS moved uniformly ftraight forwards, the Acor? 
of a. Centripetal Force tending to the other Body, 
is either none at all, or is mingled and difturbed 
by othér Forces. And the whole Compound 
Force, if it be fuch a Force, will be dire&ed to 
fome other Center, whether immoveable or 
moveable, the Areas deícribed about which will 
be .proportional to the Times. The fame thing 
hale where another Body is mov'd with any Mo- 
“whatever, if-fo be. the Centripetal Force be 
i sen to be that which remains after the Subdudi- 
on of the whole Force, which acts upon that. 


Eo Body... . 

hii um (x. » Becaufe an 'equable Defcription of . 

Aréds i ü a "Token. of a Center, which. that Force 

ar the $ Een is pne d doth refpect, and - 
E adic the : 
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the Body by this Centriperal Force is retain’d im. 
^a Curvilinear Orbir; and all Curvilineal Motion 
is rightly faid to be made about that Center, by 
the Force of which the Body is drawn back from 
the Re@ilinear Motion , and perpetually retain'd 
in its Orbic; In what follows , we fhall make ufé 
of that equable Defcription of Areas, as the In- 
dex of a Center, about which the Motion which 
is in a Curve is perform'd in free Spaces... 
Scbolium (2.) This 17th Propofition, with its 
Corollaries, appertains to the underftanding the 
true Syftem of the World. For although all Plas 
netary Motions are to be derived from a Projectile 
Motion once impreffed. according to Tangents, 
and a Centripetal Force continually urging ; yet 
thofe Centers unto which the Centripetal Forces 
tend, are alfo mov'd chemfelves, together with the 
Bodies that are revolved about them. Thus 
the Circulations of the Circumfaturnian, and 
Circumjovial Planets, and of the Moon, do 
proceed from a Proje&ile Motion once imprefsd 
upon each, and from a Centripetal Force tending” 
to the Centers of Saturn, "fupiter, and the Earth 
ryefpe&tively ; albeir, in the mean while thofe 
Central Bodies , together with their whole So:el: 
litium, be mov'd about the Sun, the common 
Center of all che Primary Planets. Aer 
XVIII. A Problem. There being given in any 
Three Places whatfoever, the Velocity where- 
with the Body defcribes a given Figure, by a Force 
tending unto fome common Center or Point, to 
find that Center. | "ü 
-Let Three Right Lines, PT, TOV, VR, 
( fee Fig. x. Plate s. ). touch a. defcribed Figure 
in fo many Points, P, Q, R, whilft they meet to- 
gether in T and V. Let there be ere&ed P A, - 
Q B, R C, perpendicular to the Tangents in the - 
$0» foo PT ro "ent Point 
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»oints of Conta& , and let them be reciprocally 
sroportional to the Velocities of the Body in 
'hofe Points ; that is, let PA beto QB as the 
Velocity in Q is to the Velocity in P; and QB 
o RC as the Velocity in R is to the Velocity in 

. At the Extremities of the Perpendiculars 
A, B, C, let AD, DBE, EC be drawn at right 
Angles to the Perpendiculars, or parallel to the 
Tangents, and meeting together in D and E. 
[Lec T D and VE'be drawn intérfe&ing each 
other in S ; and from the Point E, let E r and Ev be 
parallel to the Perpendiculars C Rand BQ refpe- 
&ively. And in like manner from the Point $,letDp 
3nd Dx be parallel co chePerpendicularsA P & BO 
refpectively. Then laftly, from the Point S let Ss, 
St, Sq be parallel to the fame Perpendiculars 
re{pectively, or perpendicular to the Tangentsz 
I fay, that che Point S is the Center which is 
fought. For fince the Body revol- 3 
ving, and placed fucceffively in the SP toe . 
Points P and Q,. doth by Rays ai de Sha, 
drawn to the Center of Force in ments, | 
equal 'Time defcribe equal Areas, or : 
equal ‘Triangles ; fince alfo thofe Triangles toge- 
ther defcribed, are as che Velocities, or as che 
Lines together defcribed in P and Q drawn into . 
the refpective Perpendiculars, let fall from the 
Center to the Tangents P T, Q T: Thofe Per- 
pendiculars will be reciprocally as the Velo- 
cities, and confequently as the Perpendicu- 
lars Dp and D x dire&ly. But becaufe of the 
Likenefs of the Triangles TDx, TSt, and TDp, 
TSq; as is Dpto Dx, fo is the Perpendicular Sq. 
tothe Perpendicular St, And by the like Reafon, 
as is Ev to Er, fo is the Perpendicular St to the 
Perpendicular S s. And feeing this can be true only 
in this Point S the Concourfe of theLinesTD&VE, 

1t 
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fa Body be mov'd in an Ellipfis e 
y about thé Center, of the. fame, 


" Me the Centripetal Force will be. 


o 


For the Chrvátuíe every. where in like Arches is. 


but the Velocity is in the fimple Proportion of the. 
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palling away ittfinicely, be turn’d into a Parabola, 
the Body will be mov’d in this Parabola, and he; 
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chang’d, be turned into an Hyperbola ; the Body: 
will be moved about its Center in the Perimeter 
of tHe: ‘Hyperbola , the Centripétal: Force’ being. 
turn’d into a Centrifugal one, and that: Force be- 
ingi greater in a leffer Diftance,: and leffer in a 
greatép^ 'Diftance ;::as' the’ Natuites of fach Force. 
doth Altogether require. 21> 2: 

-&€oroll; (2.) Tf the: Centripetal Fors prs any: at, 
tractive. ‘Body whatever be directlyias.the Diftance, 
fo that:in a greater Diftance the Attraction be.in: 
the fame Proportion alfo greater ;;and in'a leffer: 
Diftance:lefs; the-Body will be movid ^ 
in the Ellipfis about a Central Body Corel. 3545 
placed in: the very Center of the Ellip- .. 4 Prope 35. 
fis, ot perchance ina.Circle which the;;;. 
Ellipfis.may. pafs into ;.-fot; according . to. the. Six 
tuationiof the "Bucibdi of which before, the Bo* 
dy owill-be mov'd either in a-Circle, or in an:El- 
nés 

«Goroll; (4) And Phe: Periodic "Tigaef s Pera: 
ififioni maderin all Figuresabout the.fame Center | 
will be equal,:as we 'alfo:fhew'd before. Gorel:2. P.9.. 

“MX. vif-a Body ibe «moóv'd ;in’ a Spiral. Line; 
which: &uits:all the Radii in the fame Angle, the. 
Centripetal: Force will be! reciprocally-as,the Cube. 
of the Diftance: fromm: the!{Center; of. the Spiral. 
For ifi the:divers Párts-of, the Spirals, the, Curva-. 
ture! of fliker:Archésis: equal, and that of equal 
Arches is reciprocally as the Diftance. But whilft 
Bodies revolve: in«:Spirals, the Celerity. will -be 
every Where reciprocally as. the, Diftance,;-and. 
from thence alforthe Girvature will, in the, given 
Timey bereciprocally'in the duplicate Proportion 
ofethesDiftance.. Therefore the Centripetal 
Foreeywhicl proceeds from. the Proportions, of 
tne Curvature and Celerity conjun&ly, : will be i in, 
tht triplicate Proportion of the Diftance. recipro- 
Te oe cally, 
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cally, or reciprocally as the Cube of the Di- 
ftance. - 
Corollary. If the Force of any attractive Body 
be in the triplicate Proportion of the Diftances | 
- from the Center reciprocally, all Bodies, the Di- 
re&ions of the Projectile Motions whereof are. 
. not perpendicular to the Radii, with what Velo- 
city foever they go forth, will be mov'd in a Spi- 
ral which cots all the Rays in a given Angle; and 
if the firft Body afcends; it will afcend infinitely ; 
3f it defcends, it will defcend to the Center in a 
Space of Time eafily to be found from the Quan- 
tity of the Spiral Area. a 
Scholium. If there were any regular Curve, 
the Curvature whereof from any Central) Point 
whatever were in a duplicate Proportion of the Di-- 
. ftance dire&ly; any Body whatever would revolve: 
in it, if fo be the Centripetal Forces were 
amongft themfelves in the reciprocal Proportion | 
of the Diftances. For if the Curvature, in equal” 
Angles, were according to the Hypothefis in the | 
duplicate Proportion of the Diftance directly, the 
Curvature would in a given Time be always equal. 
toit felf in all Diftances ; and fince the Velocity is 
always reciprocally as the Diftance, the Centri- | 
petal Forces, to be eftimated from the Curvature 
and Velocity conjunétly, would be asthe Diftance 
reciprocally,and the Body would be moy d in that. 
Curve. 2. E. D. | y 
So likewife if there were any regular Curve, 
the Curvature whereof from any Central Point 
whatever, were in the triplicate Proportion of 
the Diftance dire&lv, any Body whatever would. 
revolve in it, if’ fo be the Centripetal Force were 
in all Diftances equal. For if the Curvature in 
equal Angles were,by the Hypothefis,in the triplis 
cate Proportion of the Diftance dieat. 
ur- 
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Curvature in the given Time would always be di- 
realy as the Diftance ; and fince che Velocity is 
always as the Diftance reciprocally, the Centri- 
petal. Forces, by reafon of the Equality of the 
direct and reciprocal Proportions,would always be 

jual, and a Body would be mov'd in that Curve. 

XXI. If a Body be mov'd in.an Ellipfis about 
its Focus, the Centripetal Force. will be every 
where in the duplicate Proportion of the Diftance 
from the fame Focus reciprocally... For, as we no- 
ted above, the Curvature with refpe& to the Fo- 
cus in divers Parts of Ellipfes, Parabolz, and Hy- 
perbolz, is every where in like Arches dire&ly as 
the Diftance, and in equal Parts always equal; 
Now the Velocity every where isin the reciprocal 
Proportion of the Diftance. Therefore in Arches 
defcribed in the fame time, the Curvature is reci- 
procally as the Diftance from the Focus, and the 
Celerity is likewife in the fame reciprocal Propor- 
tion: From whence the Centripetal Force, to be 
eftimated from the conjun& Proportions of the 
Curvature and Celerity, will be in the duplicate 
Proportion of the Diftance from the Focus reci- 
procally. 9.E.D. m 

- Coroll. (1.) If the Force of any. attractive Body 
whatever be in the duplicate Proportion of the 
Diftances from the Center reciprocally ; all Bo- 
dies, at leaft where the Dire&ions of the Proje- 
&ile Motions are not perpendicular to the 
Radii, whatfoever Velocity of Motion alfo they 
may have, will be movd in Ellipfes, one of - 
whofe Foci will be poffefs’d by the Central Body: 
unlefs che Velocity of the Projectile Motions be 
fo great, as to be able to turn the Ellipfis into 
Parabola’s, or even Hyperbola's, | 


Coroll, 
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7^ Call (3 1t a Body, &ébiding to the Daw of 
"tlie Centripetal’Force here 4fügn'd, be movd in 
an Ellipfis «about’ one 'of-tlié Foci, thé Periodic 
"Time of the Body; moving'^iti the Ellipfis; will be 
"to the Periodic Time of à Body mov'd jn 4 Circle, 
“the Radius whereof is in thé Middle betwixt the 
“greateft Diftaince and'the leaft, or equal to the 
greater Semi-axis, in the Proportion of "Equality. 
For fince the whole abfolute ‘Curvatuté ‘of the 
Ellipfis is equal to the Curvature of the Cliele, 


ame Semi; diameter; tlie Angle chéri, accotding 
“to-the’ Conic Properties, ‘or’; x 


as to thé Téffer Vand in the" fame Proportion alfo 
according fo the Conic Properties , is the entire 


‘Area of the Circle to thé "entire Area Of’ the El 


, Coroll; 
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^od Xs. ). Seeing’ the Proportigh of the Cy 
‘vature and Celerity 1 ina Parabola | and Hyindttata 
is the fame, with: diit to, the Foctis ; by thefame 
i 1as before, AD Y will, ber thov din.a Pa- 
and: Hypeibe about the Fócus. — 2mm 
i ee [A M Bod haw. difpatth’ ina more 
ay Method pk poniprarions fF thé finda- 
nr Propofi ions : ‘of Sir Ifaac" Vexbbon 3 Towill 
take Liberty: fof;a 9) ul A "to gioi another 
‘Demonftration of ‘Propofit ion}! ‘which is 
the moft Noble of dm and moft of. all acéoitimo- 
dated, to. the rin PE ats Which Démon- 
tration. comes more mp to eometrical! Rigor, 
and is aM once: "tranferib! d fron a Man 
Assi of Sir Tee Newton's Bat 10 TONS 2) 


à. ae: gee | in 
ef ( Gf qo ! 


ume Mi 4 XII ‘4 arg 


oy "Padi p^ hos vital du : 
af any iy Vadnetat be pee téwards the 
Focus of an Ellipfis, and if the Quinti ye Pro- 
portion of the Attraétipn "be füch;' that “they 
. make the: ‘Body t to apa in che Elliptic Peri te 
ter; the Attractión in'thé feaff Diftancé will:be to 
the Attraction in "the 'Eréateft , *botl "Diflnces be- 
‘ing taken at tlie. greatet Axis, "as'the Squares of 
‘the Diftances of the Body in thefe7Póincs from 
,the Focus of the Sp Feciprocallyd 1 : : iB 
“Let Cin Fig. 2. ‘Phare’ 5) XEC D be an Elláp- 
fis; Aand C the Esicenitiós of ché eredter Axis: FE 
j the Fors whither the cetitripéraFofce tends and 
AFE, he eof A reas wlfich as i oni 
Body dóth; ‘Radii’ dr nto the Foul! PER ie 
“Cus , defttibe 4n an’ equal | Space ef^ | 
Time. Now thofe Areas are equal ong to: another, 
as being proportional to equal Times ; that is 
| the 
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y the Re&angles 3 AF x AE, and 
&hoium b. 3 FC X D C, are equal to each 
L4rEl- | other; that is on the Flypohefís 
o gl. . that the Arches AE and C D are ta- 
Sle nsi diti fmall, that they may fafely 
| - .. enough be reckon for Right Lines, 
"Therefore AE is to C D, as F C is to FA. Let 
us now {uppofe the Right Lines A M and, CN to 
touch the Ellipfis in the Points A and C, and the 
itle Lines E M and DN [ to be fupplied in the 
Figures ] to be from the Points E and D perpen- 
dicular to. thofe Tangents.. Now becdufe the 
Curvature of Ellipfes (that is, if we confider it 
“in general, and in equal Arches with refpect to 
the Center of the fame ) is equal at both Extre- 
mities, thefe Perpendiculars E M and DN will 
be betwixt themfelves, ( Coroll. 4. Prop. 2. ) as the 
Squares of the Arches AE and CD. EM there- 
fore is to DN, as FC fquare is to FA fquare. But 
in the fame time, in which the Body will from 
the Force of Attra@ion defcribe the Elliptick 
Arches A E and C D from A to E, and from C to 
D ; the fame without chat Attraction would have 
. defcribed the Tangents AM and CN equal to 
thofe Arches. The Forces of the Attractions 
therefore which draw the Body. back from the 
Tangents to che Curve, to wit, from M to B; 
and from N.to D, are alfo betwixt themfelves as 
thofe little Lines M E and N D fubtending the 
Angles of Contact, which are defcribd at the 
fame time. The Attraction therefore at che Point 
A is to the Attraction in the Point C, as the lictle 
Line M E to the little Line ND; that is, by che 
‘Things already demonftrated, as F C {quare is to 
FA {quare; or as the Squares of the Diftances 
reciprocally. 2. E. D. : d 


This 
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This Demonttration refpects only the Extremi- 
ties of Ellipfes ; thofé which follow will apply - 
the fame Propofition to any Parts of Ellipfes 
whatfoever. 
— Lemma. Vf a right Line touch an Ellipfis in 
any Point whatfoever, and if a Line be drawn 
through the Centre of the Ellipfis parallel to the 
Tangent, which may interfect a 3d Line drawn 
through the Point of Contact and either of the 
Foci: that Part of the 3d Line which is pofi- 
‘ed betwixt the Conta&, and the Interfectipn, 
will be equal to half the greater Axis. d 
Let (Fig. Plates.) APCQ be an El- 
übfis: AC the greater Axis: O, the Center : 
Ef the Foci; P the Point of Conta& : OG 
the Line parallel to the Tangent; and P G that 
Part of the Line FP, which lies betwixt the 
Consia&t and the parallel to the Tangent. I fay 
that P Gis equal to C O, or to half the greater » 
Axis. | 
For join the Points PF ; and draw tlie Line 
*'H parallel to OG. Becaufe the Lines Ff and 
FH aré bife&ed in the Points O and G, AC 
will be equal to the Sum of the Lines PF and 
Pf, that is, to the Sum of the two Lines D F and 
PH, (by the Conics) or to the double of the 
Line PG. And therefore the half. of A C, that 
is CO, is equalto PG. 99. E.D. - » 
Another Lemma. Any right Line whatever , 
drawn through either of the Foci of the Ellipfis 
to the Periphery, is to the Diameter of the 
Ellipfis which is parallel to the fame, as the 
aeter is to the greater Axis of the El- . 
lipfis. ! ^ 
Let APCQ  (Fig.2. Plate 5.) be an Ellip- 
fis: A'C the greater Axis : Ff the Foci: O the 
Center: P"Q any Line drawn through the Focus F: 
| M Uu VOS 
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VOS the Diameter: of the Ellipfis paralfel to 
PQ. Here PQ. VS,AC,. will bez. ‘For 
let f p be drawn parallel to QFP, cutting the 
Perimeter .of the Ellipfis in the Point p. A id 
join the Points Pp by .the Line Pp cutting 
VS. in the Point T. Then draw the Line PR 
which may touch the Ellipfis in che Point P, ag 
cut the Diameter V.S.produced in thé Point R 
There will now be by the-Conics OT: OS 
OR —..But O T. is half the Sum of FP am 
fp, or of FP and E.O.: and confequendy O^ 
doubled.is equal; to P Q. OS, alfo doubled ' 
equal. to VS, and.by; the. Lewma before demos 
ftrated, O.R, or, P.G doubled, is equal to, A € 
Wherefore PQ:. VS: AC,.are =. ,Q. E. D 
Lemma. 3.) Ifthe right Line F P, be draw, 
"from either of the. Foci of the Ellipfis to. am 
Point in the Perimeter thereof : And to the Poin | 
P the Tangent of the Ellipfis P x; and if the 
Tittle Line xy (See Eig. 3. Plate 5.) fubtends 
ing the Angle of Contact, parallel.to the.Ling 
PQ; theReétangle of the fubtending little Ling 
and of the: fame Line: producd to the remoter 
Part of the Perimeter, 1s.to the Rectangle of the 
greater Axis of the Ellipfis, and of the firft Line 
which was produc'd alfo,to the Perimeter-of. the 
Ellipfis,; as the Square of «the Perpendicular D 
ftance:- betwixt the fubtending little Line, and thi 
firft Line is to the Square of the leffer Axis. 2 
For let AK BL be an Ellipfis: A Bithe great 
er Axis; KL the leffer ;,C the center: Ff. the 
Foci: P any Point defign'd in [the Perimeter: 
FP the firft Line drawn. through the Focus.F to 
-P : PQ the fame Line produc'd unto the Elipfist 
-Px the Tangent: xy. the little Line fubrending 
the Angle of Conta&; xI the fame fubtenfe 
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iroduc’d to the Remoter pare of the Perimeter : 
|z the Perpendicular Diftance of the Subtenfe and 
he firft Line. Thefe things fupposd, 1 fay 
hat the Rectangle. y x 1 is to the Rectangle 
E ANS asis y z Squaré to K L Square. For 
ht V S a Diameter of the Ellipfis be parallel to the 
Ift. Line, and G H another Diameter. parallel to 
ie Tangent S x, or the conjugate Diameter to 
he former Diameter. “The Rectangle. yx! will 
hen,by the Conics,be to P x Square, or the Square 
ff the Tangent, as the Rectangle S C V is to the 
ledangle.G CH; that is, as S V Square is to 
IH Square :; Now, by the Conics, all Parallelo- 
rams, defcrib’d about the conjugate Diameters of 
very. Ellipfis are alfo equal betwixt themfelves. 
irom whence ‘it follows, that the Rectangle of 
he double.of P E drawn into G H will be equal 
b the Rectangle of the Axes ABxKL: And 


| 


Lemma.) is equal to the Rectangle of AC xP Q. 
I'herefore the Re&angle yxI is to the Rectangle 
ACxP Q, as.yz Square is KLq. .2.E.D. 

|, Coroll, (1.) If y z be given, and confequently 
rz Square, yx Square will alfo be given, and 
oníequently y x ic felf: That is, if the leaft 
Perpendicular Diftance of a Pointtaken in the - 
Ire EUM vigil "^ Elliptic 


x 


~ vanifhing little Line,fubtending in the fame Place 
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Elliptic Perimeter from the Line drawn through: 


the Focus, be given in divers Diftances from that 
Focus whatfoever ; there will alfo be given the 
the Angle of Contaé. For by what hath been 
juft now demonftrated, fince yz is given by the 
Hypothefis, and KL is alfo given; and fince, 
as the Rectangle yx xxI is to the Rectangk 
AC x PQ, fois yz quare to KL fquare : It willal 
fo be, the Line x I ending at laft in the Line PC 
as yx XPQ isto ACxPQ, fois yz fquare to 
KLq:ButasyxXP Q isto AC xP O, (VL 
Elem.)fo is y x to A C. Therefore, as y x is to AC 
fo is yz fquare to K L fquare ; and by inverting, 
as KL fquare is to yz fquare, fo is AC t 
yx; fince therefore the reft of the Things art 
given, the Subtenfe y x will alfo be given. ZED 
- Ceroll. (2.) I may alfo in this Place infer, 
that the Curvature of an Ellipfis with refpec to 
the Focus is every where in the Proportion 0) 
the Diftance from the Focus dire&ly. For fince 11 
the vanifhing Subtenfe of the Angle of Contaé 
in a given Perpendicular Diftance, in all Diftance 
from the Focus is the fame; y x in Diftances pro: 
portional to the Radius F P at equal Angles, will 
be ( by Coroll. 4. Prop. 2. ) in the duplicate Propor 
tion of the Radii. From which duplicated Pro 
portion, there being taken away, as it ought to e. 
the Proportion of the Radius, the Proportion ol 
the Curvature in divers Diftances will be left ; the 
fame, to wit, with the dire& Proportion of the 
Radii. Although therefore the Curvature of di 
vers Circles in the fame Angles, “is with refped | ] 
the Center every where equal ; yec in Ellipfes, on 
the contrary, it is continually changed in diver: 
Diftances from the Focus, and in a greater Di 
france becomes greater, in aleffer Diftance lefs 1 
ane 


E] 
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ad this in the Proportion of the Increafe of 
jmunidon of the Diftance; as we noted 
efore. | 

Corel. (4.) 'To conclude, we may transfer both 
ne foregoing Corollaries to a Parabola and Hy- 
erbola: For what Things have been once de- 
uonftrated of an Ellipfis, are to be underftood 
) agree to a Parabola alfo; becaufe of the Co- 
icidence of Ellipfes nx. long with Para- 
ola’s : And then the Affeétions of Ellipfes and 
arabola's, becaufe of the mutual Agreement of 
Il Conic Se&ions, are to be applied to Hyper- 
olas, changing thofe Things which the na- 
ire of the Line requires to be changed. Where- 
sre I may now affert, that the vanifhing 
ubtenfe. of the Angle of Contac at all equal 
'erpendicular Diftances from the Radius, is in 
very Conic Se&ion always equal to it felf ; 
nd that the Curvature confequently in equal 
ingles is in the dire& Proportion of the Di- 
tances. | 


Feb. §. 170$. 
1$55650508000000000:000868 
Leo rx : 


P Cholium. By almoft the fame Reafoning | 
ids whichSirIf, Newton made ufe of forfind- 


ing out the Proportions of the vahifh- 
«€ ing Subtenfes with refpe& to the Fo- 

2 cus of the Ellipfis; I may undertake 
to determine the Proportions of the fame Subten- 
fes in Ellipfes with refpe& to the Center, 


BU 
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by what he hath demonftrated , 


Prine. Mathe. 
Book 1. Pr. 1c. 


—2KCqxCBqxyx. If thereforez y be give 
and confequendy zy fquare, becaufe of the 
Solid 2 & C qX C Bq which is alfo given; yx 
will be every whereas S C cube, or in the tripli- 


‘ 


cate Proportion of the Diftance dire&ly. If theres 
fore zy be taken, as it ought to be;, becaufe 
the Subienic of the; Angle. of Conta&,. is in | 
the duplicate Proportion of the Arch, the Subs 
tenfe y x. will be in the quintuplicate Proportion. 
of the Diftance; or the Proportion of the Dis. 
ftance being Subducted, the Curvature it felf will: 
ftill be in a quadruplicate Proportion of. the Di- 
ftance dire&ly ; or as the biquadrate of the Di | 
ftance dirc&ly. oa. 
Ancther Propofition. Tf a Body be drawn to one of 
the Foci of an Ellipfis, and from that attraction re- 
volve in the Elliptic Perimeter, the Forces of the 
attraction will be every where, as the Squares of 


the Diftances from the fame Focus dire@ly. —.— | : 

For (in Fig. 4. Plate 5.) Let P be the Place 
of a Body revolving in an Ellipfis at any Moment | 
of Time, and PX the. Tangent of the Ellipfis | 
in that Point; along which Tangent the Body 
would go forward. with:an uniform Motion, if 
it were affected with no attra&ion : Let the Point © 
X be the Place whither the. Body would reacl 
in a.given .very. fmall Space of Time ;. and 
let. Y be the Place in the Perimetér of t - 
Ellipfis, whither ic doth. from both. Forces | 
actually reach in the given Time, _ Let: the - 
Time be divided into very fmall qual Parts » 


that - 
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hat they may be accounted Phyfical Moments 
r Points: Let the attraction now act not con- 
inuedly, but by Intervals, but thofe very little 
oes; once to wit, in the beginning of every . 
^hyfical Moment ; fo that the firft Force of the © 
Attraction may Act at the Point P; the ad at 
y; and fo at equal Intervals perpetually : So 
hat the Body may be/movd along the Chord 
Xf the Arch P Y, and then along the Chord: of 
he following Arch;.and fo on. Now becaufe 
he attraction in the Point P is dire&ed towards 
he Point F, and draws down the Body from the 
Tangent PX unto the Chord PY ; the litde 
Line X Y producd by that Force of the attraction 
n P will be proportional to that Force, and paral- 
el to its Dire&ion, that is to the Line PF, Pro- 


(Fig. 4. Plates.) Let A B be the greater Axis of 
the Ellipfis, and KL theleffer. And by Lemma 
the 2d, the Rectangle Y X I will be to the Re&- 
angle AB X P Q, asis Y Z fquare to K L {quare, 
And confequently the Line Y X will be equal to 
the Solid of ABxPQxYZq, applied to the 
Solid XIX KLq. In the fame manner, if py 
be the Chord of another Elliptic Arch, which 
the Body defcribes in the given Phyfical Moment 
of Timé equal to the former; and px the Tan- 
gent of the Ellipfis in the Point P ; and xy the 
Subtenfe of the vanifhing Angle of Contac& pa- 
rallel to. the Line pF; and if xy and pF 
cut the Perimeter of the Ellipfis in q and i; 
let y z from the Point y be let down perpendicu- 
lar to pF; the Subtenfe y x will by the former 
Reafon be equal to the Solid made of A B into 
pq x yz fquared, applied to the Solid made of 

Ma4. xi 
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xix KL fquared; that is, becaufe A B and KL 
fquar'd to TT yz Íquared. But becaufe the 


are given and ftanding Quantities, as 


Lines P Y, p y,are defcribed by a revolving Body 
in equal Times, the Áreas defcribed, or Triangles 
PYF, pyF are equal: And the Re&angles P E. 
x Y'Z, and pFxyz are double thofe Triangles they 
are equal: And YZ isto y z; as p FtoP F ; and 


confequently AY Z {quared,is to 


PO, TRI a 
as n p F fquared is to i pF fquared. | 


Therefore, as Y X is to y x, fo is 


; PO j 
xr?E 


fquared to Ii PF fquared; that is, the Attraction 


is to RA. PF fquared. Now, fuppofe the Times 
taken infinitely fmall to be equal, in which a Body 
defcribes the Subtenfes P Y and py; fo that the 
Attraction may be continued, and the Body re- 
volvd.in the Perimeter of the Ellipfis: j 

In this Cafe the Lines P Q and XI coincide; 
but pq and xi have been already fuppofed equal, 


therefore the Quantities x1PF fquared, and E 
PF fquared , become pF fquared and P F fqua- 
red. Therefore the Attraction in P, or the Line 
X Y, will be to the Attraction in p, or the Line 
xy, as p F fquared is to PF {quared ; or recipro- 
cally, as the Squares of the Diftances from the 
Focus. 2. E. D. And 
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And the fame Propofition may be applied to 
he Parabola, as the Extreme of Ellipfes, and al- 
o to the Hyperbola: But fince there are no Coe- 
leftial Bodies that we know of, that are carried 
about in Hyperbola’s ; I fhall not fearch out for 
4 particular Demonftration of them. 

XXII. The Velocity of a Body moving in a 
Parabola about a Body placed in the Focus, the 
Force whereof is in the reciprocal duplicate Pro- 
portion of the Diftances, is every where to the 
Velocity of a Body revolving in a Circle in the 
fame time , in the fubduplicate Proportion of the © 
Number, Two to Unity ; or as the Diagonal of 
a Square to its Side; that is, as ro to 7 nearly. 

For, fince the Diftance of a Body from the 
Central Body was fuppofed every where the fame, 
the Force of Attraction, or Line fubtending any . 
Angle of Contact, will be always equal in any 
given Space of Time: And the Velocity in a 
Darabola will be tothe Velocity in che Circle, as the 
Tangent of the Parabola to the Tangent of the Cir- 
cle ; to wit,where the Subtenfe is every where equal. 
But theleaftTangent in theParabola;by theConics, 
is equal to the fquare Root of the Rectangle of 
the Subtenfe drawn into the Latus Rectum of that 
Vertex. And the leaft Tangent in the Circle is 
equal to the fquare Root of the Rectangle of the 
Subtenfe drawn into the Diameter 
of the Circle. But becaufe both Il 36. Elem. 
 Subtenfes are given, and the Latus 
 Re&um of the Vertex of the Parabola is, by the 
. Conics,double to the Diameter of the Circle ; or as 

twoto one: The firft Rectangle will be double to 
the laft, oras 2 to x; from whence the Tangents 
or fquare Roots will be among themfelves, as the 
fquare Root of the Number two to one, or as the 


Diagonal 
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Diagonal of a fquare to its Side ; that is as testo 
feven nearly. ©. E. D. ida ioe” s 
-Coroll, (1:): Since therefore: the. Velocity: im a) 
Parabola is to the Velocity in: a Circle, ‘at the 
fame Diftance from the Focus, in a given Propors 
tion; to wit,.as¥. 2toz. Andfince the Velos 
city in divers Circles is.in the fubduplicate reci-. 
procal Proportion of their/Radíi; the Velocity ol 
a Body defcribing a Parabola at divers Diftance 
from the Focus will alfo: be. in the fubduplicate 
reéiprocal Proportion of the Diftances.: ^-^ 7. 
». Coroll. (2.) The Velocity ofa Body revolving 
in 4n Ellipfis, is lefs than in a Parabola ; and in 
an Hyperbola, greater atthe fame Diftance fron, 
the Focus: From whence the Velocity. in an El- 
lipfis, will be to the Velocity in a Circle in a lefs: 
Proportion than:¥. 2 to 1; and inan Hyperbola, 
in a greater at the fame Diftance from the Focus. — 
» €oroll, (3.) Therefore the Velocity of a Body, 
at any Diítance from the’ Focus; being known, 
the Figure of its "Traje&ory: may be alfo known ; 
to wit, whether it be a Circle, Ellipfis, Parabola, 
or Hyperbola :- And from:a: more accurate Calcu- 
lus,-if it be. an Ellipfis,, or Hyperbola, what Spe- 
cies: of. thofe Figures it is that a revolving Body 
oüght to defcribeaos:: ^ fof s 5 x2 
: c Goroll. (42). Et follows from:what was juft now 
demonftrated,: that: if any Body. be moved ac- 
cording tolany right.Line whatever (unlefs it tends — 
dire&ly to the Focus) withany Velocity, and be 
acted pon atthe fame time by a. Centripetal Force - 
reciprocally proportional to the fquare of che Di- 
fiances from the.Center; the Body will be mor - 
ved in one of the Conic Se&ions, having the Focus — 
in the Center of Forces: To witjif ctheLinejaccord- — 
ing to which the Projectile: Motion of the» Body | 
tends, be perpendicular to the Radius, is es | 
eor 
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Velocity equipollent:to the AttraGion ; that is; if 
the Velocity in any. given very fmall Space’ of 
Time, be equal to the fquare Root made of the 
Subtenfe of the Angle of Conta& of that Circle 
drawn into its Diameter, that Body will be mo- 
ved in a Circle. But if the Velocity be equipol- 
lent to the Attraction, and the Line of Direction 
oblique to the Radius, the Body will be moved 
in an Ellipfis, the periodic Time whereof wou'd 
be equal to the periodic Time of the Circle in 
which it will move. But if the Velocity be 
zreatér or lefs than the Velocity before affigned , 
hs neverthelefs where it is greater, that it be not 
increafed above the Proportion of the fquare 
Root of the Number Two to Unity, that Body 
will be moved in an Ellipfis, in the firft Cafe 
greater, and in the laft leffer than the Circle." But 
if the Velocity be to the Velocity in the Circle, 
as the fquare Root of 2 to x, the Body will be 
movd ina Parabola. If, laftly, the Velocity be 
greater, the Body will be mov'd in an, Hyperbola, 
- XXIIL Problem, ‘The Centripetal Force being 
reciprocally proportional to the fquare of the 
Diftance from the Center, to define the Times in 
which Bodies in falling. ftràit down wou'd reach 
the Center. (See Fig. 5. Plate 5.) | 
. Upon the fame principal Axis or tranfverfe Di- 
ameter, A B, let there be defcribed the Extreme 
Ellipfes; to wit, the Circle ADB, and the 
Right Linf AB; from the Equality of thefe 
Tranfverfe Diameters, the Periodic Times will 
be equal on both Sides; and confequently the 
Times of the half Revolutions will be equal to 
one another. (Coroll 4. Prop. 21.) That is, the 
Time of Defcent by the Diameter; is equal to the 
Time of Revolution along the Semi-circumfe- - 
rence, Since therefore by what hath been de- 

“ts mon- 
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monftrated before, it is eafy to determine that 
‘Time of the half Revolution, it will alfo be eafy 
to define the Time of the dire& Defcent. As for 
Example: The Time of the Lunar Half-period 
contains 196715 Minutes; where, to wit, the 
Diameter of the Orbit is double to the mean Di- 
flance from the Center of the Earth. And this. 
Time is to the Time of the Half-period for half 
the Diftance, which is the thing we now enquire ~ 
for, in the fequi-alteral Proportion of the Diftan- 
ces; that is, almoft as 2828 is to 1000, or am 
19671|5$ is to 6955| s. From whence the Time ; 
of the Half-period, in half the Diftance (or in 
cafe the Diameter of the Orbit was but half of - 
what it is,) thatis, the Time of the dire& Fall to 
the Center of the Earth of a Body placed at that. 
Diftance from the Earth in which the Moon i5- 
really placed, will contain 69555 Minutes; ar 
4 Days, 19 Hours, 55’, 30. In this. Space of . 
Time would the Moon, if the Motion thereof — 
was ftopp’d, and the Earth remain'd unmoveable, — 
fall to the Center of the Earth. And by the fame — 
Reafoning, the Time of the Fall of any Planet — 
may eafily be determined, as is actually done in. 
the following Scbolium. : 1 
Schelium. Since therefore the Time of the. 
Halfperiod of every Planet diminifh'd in the 
Proportion of rooo to 2828, is the Time of the. 
dire& Fall to the Center, the following Table, - 
. which is built upon that Foundation, will thew — 
the Times of the Fall of all the Planets to their - 
refpective Centers, ! 


Mere 
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^ Day. Hours. 


Mercury |.) | QUIS $34 
En Ff would. fall. toy 2? * 17 


Jig. the Sun in they _°4 = 74 
. Sfupiter | Space of —— 763 : mae 
Saturn 


1900 34 


Of the Planets about Fupiter. | 


lue oma would fall to€' °° : dus 
The Secon Qu inde). 8° 2 35 7 
The Fourth cape | 2323. | 

Of the Planets about Saturn, 0. 
'The Inmoft pip ab Bier or 
These would ao) S1) 
The Fourth otc ti oe 2/120 

A 5 X. 


Mba Fit roh ul 


| The Moon, as above, would fall to the Earth in 7 
‘the Space of 4 Days, 20 Hours : 


«Eb, 19. 170% 


LECT. 


L 
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xxiv.etrgipe Problem. eRubpofing that the 


d any, SoH Centripetal’ Force is recipros 
cw AES cally proportionalto the fquare 
CI of the Diftance, to define the 

s s SpaceswhichBodiesfallingright 
downwards would défcribe in'a&y:given Time. 
f che Body doth not fall perpendicularly, it. 
will défcribe fome |'Conic Section, the nether 
Focus whereof (Becaufe of che Defcent of a pro- 
jectile Motion\which is here, fuppos’d ) will agree 
with the’ Center of Force, as is manifeft by 
what goes before, Prop. 21. Let that Conic Se= 
ction (fee Fig. 5. Plate 5.) be the Ellipfis ARBP P 
where the" Velocity of the-Proje&ion is to 
the, Velocity -wherewith the Body would re- 
. volve in à Circle at the ee in a lefs. 
Proportion thanois thé {quare Root of the Num- 
ber ‘Two to Unity, (Goroll. 2. Prop. 22.) Let S be. 
the nether Focus of the Ellipfis, and upon the. 
greater Axis of the Ellipfis AB, let there be de-- 
{crib’d a Semi-circle A D B. And the right Line 
JD P C.being fupposd to pafs through the falling 


Body perpendicular to the Axis,and the Lines DS 
and PS being drawn to the'Ceénter, the Area ASD — 


will be proportional to the Area A SP, and con- | 


fequently to the Time. . For (by VI. I. Elements,) 


S CD to the Area of the ‘Triangle SCP. And 
according to the Conics,as the fame C D is to the 
Íame C P, fo is che Circular Area CA D AS 
a re | E ipa 


| 
] 


as C D is to C P, fo is the Area of the T riangle | 


| 
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Elliptic Area CAP ; and confequently.A S D the 
Sum of the former Aréas, will be to ^A S P the 
Sum of the latter, as C D to C P, ( V. x2. of the 
Elements ;) or as thé greater Axis of the Ellipfis 
to the leffer Axis of the fame ; and confequently 
in thé given Proportion, or proportional to the 
Time. Now AB the greater Axiscof the Ellip- 
fis, or Diameter'of thé Cirtle remaining, let:the 
Latitude or leffer’ Axis of the Ellipfis be perpetu- 
ally fditninifh'd;' here, “by ‘the Force of what 
hath been already demonftrated ;/A S D will ftill 
remain "proportional to'the Time. “Yea, let the 
Latitude bé diminifh’d infinitely, fo that the El- 
liptió Orb A P*Bcmay'at length) coincide with the 
Axis ^A B : and the Focis $ with B the "Term of 
the Axis: the Body willidefcend. is the right Ligne 
A C:and' the? Area*A B D will become in this 
Cafe alfo proportional to che Time: cFrom;whence, 
if!4 right Line perpendicular to: the:Axis as CD, 
bé fuppos’d to be moy'di downWwardsialways pazal- 
‘Jel fo ie felf; fo that :the'i Area. ACB.D- fhould ; be 
every Where proportional to thé/Time;: the Point 
‘GC will determine the Place; unto which;the Body 
would reach: that "falls downwazds to «he Center 
m the fame given Time. loni Bap iexi3 
JI As for Example... Let: A B-the mean Diftance 
‘of the Moon from the Center ofthe Earth, be 
'a$ before about 12$7 696 ooo feety it ds required 
‘that we ‘fhould :derermine the Placejof the Moon 
"falling ftraight down, | inthe firft Day of. the Fall. 
‘Peis known from what hath been already demon- 
"Rated, (Corel. 7.) Prop. 2) that if: the Motion of 
‘the:Mioon fhould ceafe , it would falkabout xó[ x 
""Enlifli Feet in- the Space of one Minute. From 
Swherice ( by Corall.'of Prop. $. Select-Prop. out.of 
^ Arcbimédes)) the Circular Area AB. D. will ;be.of 
. Sibont 89 484 812/704 ooo fquare Feet, [;as being 

i» a equa 
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equal to the Rectangle of cd drawn into 
the half of AB. From whence, feeing there are 
-1440 Minutes in a whole Day, the Circular Area 
ABD belonging to the whole Day will be. gt 
about 128856690293760000 Íquare Feet; bui 
the given Time is one whole Day, or 1440’. ‘Tf 
therefore we. can define the Point D, fo that the 
Area. ABD fhould be of 128856690293760 
ooo fquare Feet, the Sine of the Arch A D, that 
is, C D will determine the Line A C which is 
'"defcribd in that Time, as being the verfed Sine 
of the fame Arch. But that Area is equal to the 
Recangles $C DX OB, and 2 ADx OB, orto 
the Re&angle$ C DX $ A D x O B... If there- 
fore the given Area be divided by the Semi-diame- 
ter OB,the Quotient will give the half of CD and 
OB. From the Table of Sines therefore that 
“Arch is to be fought, the half of which being 
- fuperadded to the half of its own Sine, will yield 
"that Quotient.’ But that Quotient is by Calcula= 
“tion of 204909 120 Feet; or by reducing it toa 
Circle, whofe Radius is of 10000000, will cot 
‘tain 3258484 of thofe Parts. And if in the 
"Tables of ‘Sines; we look for the Sine of 19 De- 
erees and almoft 51 Minutes, the Sine of one 
"Minute “multiplied by’ 11302909 x 1130, will 
"give 3287170 Parts, as belonging to the 
Arch AD , which is of 18 Degrees and 0’, the 
‘Sine of which Arch is of. 3228165 Parts; . fo 
that the Sum of both will be of 6515335' 3 the 
half whereof is 3257667, which agrees with 
the firft Number 3258484. exactly enough. . The 
Line CD therefore is.the Sine of 18° $05 af 
the Line defcrib’d in that Space of Time is the 
- -yerfed Sine thereof , which is 535382 Parts long; 
that is, by reducing it to the Semi-diameter, of the | 
- Moon’s Orbit 33667390 Feet long, ibas i | 
A 6379 


4 
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6,376 Miles and 2,110 Feet. -And in the fame 
manner it will be defin’d, in whattime the Moon 
would defcend to the very. Center. of the Earth. 
But becaufe we have deduced that before by ano- 
her and more eafy way of Computation, we 
hall.not profecuce it any further here. 
Corel], Uf the Figure R PB be not an Ellipfis, 
sut an Hyperbola or Parabola; the thing will be 
lifpatch'd in the fame manner by, a Rectangular 
lyperbola, or any Parabola ;icbut by reafon, of 
he Difficulty of the Practice, and that it is not 
ieceffary,- we fhall país it by here. TEN 
Goroll. (2.) The Times wherein any Bodies 
vould fall to the Center from divers Diftances, 
re betwixt themfelves inithe Sefqui-alteral Pro- - 
rion of thofe Diftances dire&ly.. For the 
‘ine Ac, that in a given Time is prodücd at 
livers Diftances, is reciprocally in the duplicate ' 
?roportion of thefe Diftances. . From whence cd 
he leaft Sine, will be in the fubfefquiplicate ,Pro- 
jortion of the Diftance reciprocally; .and the 
\rea 30d x: A B defcrib’'d at the fame time; in 
he fub-daplicate Proportion of the: Diftance .di- - 
e&ly. From whence, fince:the éntire femi-cir- 
ular Area. A D.B-is in the duplicate. Proportion 
ff the Diftance dire&ly, the ‘Time proportional 
o the fame will be in the fefquiplicate Proportion 
o the Diftance directly. ATL LES. Be 
_As for Example,’ Let another,A B be double 
o this A B; then the vanifhing Subrenfe of the 
Angle of Conta&; or the little Line A c, will be 
ynly a 4th Part of the other Aig: And che) Sine 
:d will be fub-fefquiplicate of cid,’ or as the Side 
of the Square to the Diameter; that is, 7. tO 1o 
3moft ; the |A rea alfo 3 cd:x A B. will be to; cd 
x AB welenigh, as 2957 — x4 is to. x 10 
= xo, Erom whence, the Area defcribed in the 
3 AN | greater 
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greater Diftance will-be to the Area in the lefs, 
but which is defcribed in the fame time, nearly. 
as 14 tO Io, Or as the Diameter in a Square is to 
the Side. But the entire E be defcribed by, 
the greater Line AD in the Defcent, is to the 
Area to be defcribed by the leffer Line BD in the 
. Defcent, as 4 to 1, or 4oto ro. Therefore the 
"Time of the Defcent in the greater Diftance, will 
be to that in the leffer, in that Proportion 4 1 
which the Ratio of 40 to ro exceeds that of 14 
to 1o. - But the Proportion of that Excefs is the 
fame as that of 40 to 14, or as the Dianieter o 4 
Square is to the Quadruple of the Side. From 
whence the Lines are betwixt chemfelves , as the 
Diameter of a fquare is to the Quadruple of thé 
Side; that is, in the fefqui-alteral Proportion of 
the Diftances dire&ly: .9. E. D; a 

Coroll. (3.) If therefore we fuppofe any one 
of the primary Planets, as alfo of the Seconda 
ries of Saturn and Fupiter, to fall to that Center ol 
its Orbit, .and have the Times of that Defcent al 
ready defin'd and corhputed ; it will be eafy from 
the: known Diftances of the reft, to define the 
Times alfo of their Defcent ; which thing we 


have perform'd before upon another Ground, and 


—— 


therefore fhall not repeat it again. ^ ^ - it 
| Coroll. (4.) - Since therefore the Velocity in nt 


Ellipfis in a mean Diftance from the Focus; that 
is, the Velocity of a Body falling to O, the Cen- 
ter ofanEllipfis when it ends in a rightLine,is equal 
to the equable Velocity of a Body revolved ina 
Circle, the Radius whereof is BO; it is mani 
feft, that the Velocity of a Body falling in O, the 
very middle of the Space, is equal to the Velocity: 
of a Body revolved in a Circle at the fame Di- 
ftance. From: when@e it alfo. follows, chat the 
Velocity of a Body falling at a remoter Diftanee, 

t3 as 
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s lefs than the circular Velocity, and at a nearer 
Jiftance greater. - 257 2g unn 
XXV. .A Problem. If the Centripetal Force be 
sroportional to the Altitude, or-the Diftance of 
aces from the Center dire&ly, to define che 
limesin which Bodies falling down will defcribe 
ny given Spaces. | um y SIE 
Tf the- Body doth. not fall.perpendicularly, it 
vill defcribe fome Conic. Section, the: Center 
vhereof willagree with the Center of Force, as 
ppears-from what hath been already faid, Prop.19. - 
wet ( Fig. 6. Plates.) the Conic Seétion be 
he Ellipfs AR P B: Let O be the Center there- 
f£; and upon A B. the greater Axis of the Ellip- 
is, let there de defcribed che Semi-circle ABND, 
nd let che right Line. D PG pafs through the fal- 
ing Body perpendicular tothe Axis. | Which 
lone, and the Line DO and P O being drawn to 
he Center, the Area A O D will, by the Conics, 
e proportional to, the Area A OP, and confe- 
juently to the "Time. © For, as:before ( by VI. x 
Elements):as C.D isto CP, fois the Area of the 
Triangle OCD to.the> Area of the Triangle 
OCP.” Andatfo,by the Conics; as che fame.C D 
s to the fame C P, fo is the circular Area CAD 
0 the» Elliptic Area C. A P ;'ahd:conféquently; 
‘he Sum of the former Areas. AO D will be (V. 
12 Elements) to AOP the Sum of the latter Areas, 
is C D isto CP; or,by the Conics, asthe great- 
sr Axis of the Ellipfis is to the leffer Axis of the 
fame ; and confequently in a Proportion given,. 
proportional to the Time. Now A B the greateft 
Axis of the Ellipfis or Diameter of the Circle re- 
maining, let the Breadth of the Ellipfis, or its 
leffer Axis, be continually diminifh'd; and by 
the Force of what hath been already demonttra- 
ted, the Area A Q D will remain proportional to 
V vd N-i3-—. the 
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the Time. And let that ‘Breadth be diminith’d 
infinitely ; fo chat the Elliptic Orb AR BP may 
now fall in with the Axis, the Body will defcend 
in the right Line A C, and the Area. A O D will 
in this Cafe alfo be' proportional to the Time. 
From whence, if a.right Line perpendicular to 
the Axis, as C D, be fuppos'd to be mov'd always 
downwards parallel’ to it felf, fo that AOD 


t 
may be every where proportional to the Time, 
the Point C will determine the Place unto which 
the Body in falling down will reach in the given 
Coroll. (x.)) Becaufe of the Equality of the 
circular Area that is every where to be defcribed 
in equal Time about the Center of the Circles 
the Motion of the Point D will always beequas 
ble, and. will defcribe-equal Arches in a given 
Time. " VU . b 
,Gerell. (2)) The Times therefore of Bodies 
falling and defcribing what Spaces foever, as AGj 
are betwixt themfelves as the Arches themfelves 
AD; and the Spaces defcribed AC, ate as the 
verfed Sines of thofe Arches. [2 0) d'en tM 
Coroll: (4.)\ But the Velocities produced in any 
Places whatever, as in. C , are as the right Sines 
. of the Arches AD. For let the Line: cd: be 
drawn parallel to GD, at a Diftance infinitely” 
fmall, and let d D the Tangent óf «the Circle be 
drawn. | Whilft therefore the Point D defcribes 
the Tangent d D, the falling Body defcribes the 
little Line c C equal to de ; and becaufe of the’ 
given Velocity of the Point D, d D will alfo be - 
given in length for the given Time. | In the Tri- 
angle therefore de D, d D the Radius of the 
Circle will be given, and de the right Sine of 
the Angle d De. And becaufe of the Likenefs. 
of the Triangles deD, COD, the scs 
, t&hat 
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hat Place: will be OD, and the Line C D the 
ight Sine of the Angle AO D; "Therefore the 
/elocity in all Points whatever, as C, is as the 
ight Sine of the Arch AD. 9. E. D. 

Coroll. (4.) The Times in which Bodies fall. 
rom any Places whatever to the Center, are always 
qual. For fince, by the Hypothefis, the accele- 
ating Force, and confequently the Velocity ari- 
ng, is as the Line to be defcrib'd ; icis manifeft, 
hat the Times of Defcent are every where equal. 


2.-E. D. 
d (s.) Since, by what hath been demon- 
trated before, ( Corol. 3. Prop. 19.) the periodic 
Pimes of all Bodies revolving about the Center 
f Ellipfes are equal, the Quarters alfo of the 
eriodic Times A BPV willbe equal. And fince 
his is true in all Ellipfes whatever, it will be true 
lfo in the Extremes of Ellipfes on this fide, and - 
yn that; to wit, in the right Line A O, and the 
Quadrantal Arch A N ; that is, the Times where- 
n one Body in falling comes from any Place 
vhatever, as A unto O, and another in revolving 
lefcribes a Quadrantal Arch, will be equal every 
where. 2. E. D. | 
-Scholium. (1.) Since therefore the periodic 
lime of the Moon about the Earth, is (per Scbol. 
Prop. 14.) to the periodic Time of any other Bo- 
ly revolving about the Center of the Earth at the 
Diftance of a Semi-diameter of the Earth, in the 
efqui-alteral Proportion of the Diftances; and 
ince within the Surface of the Earth, the Cen- 
tripetal Force is every where in the direct Pro- 
portion of the Diftance , as will hereafter be de- 
monftrated ; It will net be unpleafant to produce 
an Example of the foregoing Reafoning: and to 
fhew by Calculation, in what Space of Tine hea- 
yy Bodies. would defcend to the Center, down 
Ds N 3 fome 


T: it 
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 fóme empty Hole or Pit which reaches thither 
For the finding therefore, according to what hat 
been already demonftrated, the Quarter of th 
periodic Time.at the Surface of the Earth, ; 
being the Time of the Defcent of Bodies 
from the Surface to the Center of the Earth: 
Let it be made thus; as is the Cube of the Moon’ 
Diflance, 60 x 60x 60 = 216000, to the Cut 
of the Semi-diameter of the Earth y x 1x y — ] 
fo is the {quare of the Moon's Period 29344 X3 
243. — 1 $47 87x 649 to the fquare of che Period 
in the Surface of the Earth — 7 166,07, the 
. {quare Root whereof 8416 will yield the: Minutes 
in Time, in which a Body or Planet at the D 
france of the Semi-diameter of the Earth frot 
the Center would perform its whole Period abot 
it. The Quarter of which Number 21,15, wil 
fhew the Space of Time in Minutes, in whichal 
heavy Bodies whatever would fall thro’ the Se 
mi-diameter of the Earth to the’ Center of the 
fame. And fince in all Diftances whatever, th 
Time of falling is the fame, as hath been alread 
fhew'd, (CereL.. 4. foregoing); it is manifeft, ch: 
all Bodies would defcend, and fall from any Place 
to the Center in ar Minutes, and re Seconds. 
Schol. (2.) But if the Time of the Fall througl 
any given Space whatever be requir’d to be fount 
without the Ufe of Algebra ; as for Example, thie 
a 4th Part of the Semi-diameter ; feek in the Table 
of Sines, what Angle that is, the verfed Sint 
whereot is a 4th Part of the whole right Sine ; t 
wit, the Arch A.D which is of 41°25’... From 
whence the Time of the Fall (fee Fig: 6. "Plate 5.) 
along A C, the 4th Part of the Semi-diameter, 
will be to the Time of ‘the whole Fall to the Ce by 
ter, as the Arch AD is to the Quadrantal Arch 
À N, (Corol. 2 foregoing ) or as 41? 25' is to 9o 
: í } e An (1 


-— a 


aneavy Bodies whatever would fall thy 
E !-diameter of the Earth to the Call 

"Ah And fince in all Diftances we 
v. falling is the, fame, as hathle: 

eu (Corel. 4. foregoing); it ism 
Sees would defcend, and fall fon: 
LOS enter in 2r Minutes, and ij 
3v. (2-) But if the Time of the Hl 
"WU" viven Space whatever be requir! 


© without the Ufe of Algebra ; as for Ex 


a ath Part of the Semi-diameter; feckint _ 
of Sines, what Angle that is, the 
whereof is a 4th Part of the whole rig 
wit, the Arch A D which is of AT, 
whence the Time of the Fall (fee P j 
along A C, the 4th Part of the ur 
will be co the Time of the whole Fi DÀ 
ter, as the Arch AD is to the vm if 
AN, (Corol. 2 foregoing) or 454!" 
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And fince 90 : 41?25* : : : 21'| 14 horary Minutes: 
9197 or.9- $8": lt is manifeft, that any Body 
whatever would fall down a 4th Part of che Semi- 
diameter of the Earth in 9 Minutes, and. $8 Se- 
conds. And that the Velocity in the Point C is 
to the gteateft Velocity, or that which would be 
at the Center it felf, in the Proportion of the 
Right Sine C D to the whole Sine ON, ( Coro/. 
3. eS or as 66153 is to 100000, as is moft 
manifeft. from what hath been juft now: demon- 
ftrated. M f | | 


April 5. 1708. 
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XXVI. ii Problem. A Body being car- 
9 S ried about a Focus in a given 
99 A 6 parabolic Trajectory, to find 
[d the Time in.which a given 
gj Arch has been or will be de- 
fÍcrib'd, whether in the Afcent or Defcent. 

Let F (in Eig. x. Plate 6. ) be the Focus of the 
Figure, T the principal Vertex, Tl or Ts the 
given Arch defcrib'd, or to be defcribd: Tt or | 
Tq the Abfcifs of the fame Arch, which is alfo 
given, the Arch being given: tlor qs the Semi-. 
ordinate, which alfo is given, the Arch being gi- 
ven. The Time wherein the Arch Tl or Ts is 
deferibed, is requir'd : The Parabola being given, 
the Latus Rectum of the fame, and confequent- . 
ly TF the Fourth Part thereof is given... From 
the Centripetal Force of the Central Body, there 

N 4 | is 


184 Mathematical’ Philofopby, 


is alfo given the Velocity of the Body at the prinz 
cipal Vertex; or that which (by Prop. 22. fore- 
going) is to the Velocity of a Body defcribing i 


Circle, the Radius whereof is T F, as the fquare 


Root of the Number Two is to Unity. From | 
whence alfo there will be given the leaft Area to 
be defcrib’d by the Radius TF in any the leaft 
Time which is given. But the Area FT1 or FTs, | 
is equal to two chirds of the Rectangle T t x tl, 
or Tq»qs. ‘To which, if there be added the — 


Triangle F clin the former Cafe, and in the lat» _ 
ter the Triangle Fqs be taken away from the 


fame, there will alfo be given the Area Ftl or 3 
Ets; which being divided by the leaft Area de- 
{cribed at the Vertex T, in any very fmall Time — 


given, will give the Time fought. 


As for Example. Let the Parabola given be : 
that. which the Comet that was feen _ 


Se Newton, in Europe in the Year 1680, defcrib’a | 


Pp. 494,0 498. in the End of that Year, and the | 
| Beginning of the next. Ler Fq. 


be equal to the Semi-diameter of the great Orb, - 


to wit, of ro000 equal Parts, fuch as the Latus | 
Recium contains 256(8 ; and confequently FT . 
of $9|2 Parts, and the whole Abfcifs T q of Parts .— 
r0,059|2. Let us alfo fuppofe the Comet to have _ 
been in the Vertex of the Parabola; or in its Pe- ^. | 


rihelium 'E, December 8. Four Minutes after Noon. 
For the finding the Velocity of che Comet in the 
Vertex of the Parabola, let there be found in the 


firft place the Velocity of a Planet revolving ing 
Circle ac that Diftance, by this Analogy: . 


as is the fquare Root of the Diftance F T, of 


$9|2 Parts = 7[7, to the fquare Root of the Dis _ 
ftance F q, of 10,000 Parts — 1003 .— 
Prop. 13. fo is the annual Velocity of che — 
. Earth, to the Velocity of a Planet a 

& 1 defcri- 
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defcribing a Circle, the Radius whereof is F T. 
Then, as the fquare Root of the Number two 
==11 414 isto Unity; fo will the Velocity of a 
Comet in the Vertex of its Parabola be, to the Ve- 
locity of a Planet in a Circle at the fame Diftance. 
But the Earth, by the mean Velocity of the fame, 
defcribes | 1195 Parts in the Space of one Minute, 
and 7,7: 1003::{1195: 11552. From whence 
the Velocity of the Comet in its Perihelium, will 
be that-which in the Space of one firft Minute 


defcribes HAM gs = 2|19 Parts, fuch as the 


Semi-diameter of the great Orb contains roo00, 
and fuch that s9[2 of them are contain’d in 
the leaft Diftance of the Comet. The Area 
therefore. defcrib'd in that given Time by the | 
Comet, with a Radius drawn to the Center of the 
Sun, is equal to the Rectangle of 3 59|2 x2|99 
—64|824 {quare Parts. That therefore we may 
at length find che Space of Time wherein the Para- 
bolic Arch Ts, where Fq is equal to the Semi- 
diameter of the Orbis magnus, is defcribd, we will 
compute the Area TsF, and compare it with the 
former Area which was defcrib'd in one Minute: 
Therefore, as TF of s9l2 Parts is to Tq of 
yoos9|2 Parts; fo let the fquare of F H of 118] 4 
Parts = 14018|56, be to 2382018|61 fquare | 
Parts ; the fquare Root whereof = 1543|3 will, 
by the Conics, be equal to the Semi-ordinate qs: 
Which being drawn into half the Diftance Fq 
I$44[3 X } 10000 == 77165co, the Area of the 
addititious Triangle Fqs will come forth. | But 
the whole Parabolic Area Tqs is equal to two 
3ds of the Rectangle under T q of 10059| 2 Parts, 
and Sq of 1543|3 Parts, or to the fquare Parts of 
4 15524363136 — 10349575157. . From. which 
Number, let there be deducted the Triangle rd 

of 
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of 7716500 fquare Parts, the remaining defcribed 
Area will be of 2633075|57 fach Parts; which 

being divided by the Parts of the Area belonging 
| 2633075517) 
| 64| 824 
the fpace of Time fought; or that in which 
the Comet would defcribe the Arch Ts = 4061|9 
—284. 4^. 59’. Wherefore the Arch Ts will be 
defcrib'd in 28 Days, and almoft ; Hours. And. 
the Comet poffefs'd the Points on the sth of 2-- 
nuary, about 4 hours Afternoon. Which alfo ex. 
actly agrees with Sir Ifaac Newton's Scheme des 
duc'd from Obfervations. BM 
"Xf therefore we, from fuch Calculations, fhalf. 
once have the Times rightly defin’d, wherein any 
Comet defcribes any Arches whatever, as Ts of 
a Parabola, or rather an Ellipfis, fo eccentric that. 
it may fafely be reckon'd for a Parabola, by the 
inverfe Method we may be able alfo to define exs 
actly enough, the Arches belonging to any given 
Times; I mean the fame way of working by 
which, in Kepler’s Hypothefis and Tables, we are 
wont to find the Ceoquate Anomaly of the Pla 
nets from their mean Anomaly in a given 
Ellipfis. ' | EU 

Coroll (1.) Seeing therefore the ablatitious 
Triangle Fsq vanifheth away in the Point h, the 
Area to be computed at that Time will be equal 
to two 3ds of the Recangle of TF drawn into 
Fh; or$$912 x x18[4 == 4676|8, and confes 
quently che Time belonging to. this Area will be 


to one firft Minute, there comes forth 


YR Ur E 
. equal to EE C Ih. r2. 9". So that T hy 


the Arch betwixt the principal Vertex and 
the Ordinate to the Axis through the Focus, was. 
defcribed in 1h. 12'. 9", And the Comet Potty d 
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the Point s December the 8th, 17 Minutes after 
One in the Afternoon. AME : 

- "Ceroll (2.) Hence alfo the Space of Time 
"wherein any given Arch is defcribed , doth eafily 
become known ; viz. by computing the Time 
from the Perihelium to both Places, and taking 
‘away the fhorter Time from the longer: For by 
that means the Interval of 'Time belonging to the 
given Arch will become known. Thus the Time 
agreeing to the Arch Th — x h. 12’. 9". being 
. deduc'd out of the Time’ agreeing to the Arch 
"'[s— 284. 45. $9', the Remainder is the Interval 
of Time belonging to the Arch hs = 284, 3%, 
"46. 51". And fo every where. | 

Coroll (3.) Hence alfo is deriv'd the Method 

of finding the defcribed Arch from the given 
Time. For feeing that at the Point h the abla- 
titious Triangle F qs, and the addititious one Ftl, 
doth always vanifh away; and confequently the 
Area in that Place may be eafily computed, as be- 
ing in our Example: of 466%7| 4516 fquare 
Parts: Since alfo in that Place TF is half FH; 
and, fince, laftly, the Abfcifs TF doth always in- 
creafe in the fame Proportion, in which the fquare 
‘of its Ordinate F H increafeth : any Time what- 
ever, or the Area proportional thereto, being 
given, the Arch belonging to the fame will alfo 
be given ; if that Quantity of proportional In- 
crements or Decrements be taken, that 3qsxFq 
being taken out of 3 qs X Tq the Remainder be 
the Quantity of the given Area. "Thus, that I 
may find the Arch T of 284. 145, 59”. = 40619’, - 
thac/is, that which belongeth to the Area of 

2633075|57 fquare Parts ; I feek in the Tables of 
{quare Numbers, if I would work without Alge- 
bra, where fuch a Number is to be found , ( the 
Line TF being taken for Unity, and the ge 
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ET h for the fquare of Unity ; or for} TFxFh 
— 9 663d Part of the whole Area; and F h being | 
taken for the Number two :) That the Numbers | 
to be added to: Unity being proportional, the 
(quare of the Numbers to be added to two 2 qx 
q F being taken out of $95.x,T q, the. Remain- | 
der may be the given Area == 563: Which Num- | 
ber will occur no where elfe, but where E q is to | 
EF T as roooo to. $9] 2,-0r as 167 to x nearly, | 
From whence it is manifeft, that the fought Arch | 
is no other but that of which Tq of 1oog9|2 | 
Parts is the Abfcifs. But fince this Method con- | 
fifts in making Effays, and is indirect, it is not! 
fo artful. However, what hath. been. here | 
delivered contains enough in it, to fhew in fome | 
meafure the. Origin and Method of compiling | 
"TIahies; eid. antofT od: rs 
~ Scholium. Note, "That Sir Ifaac Newton’s Geomes | 
trical Method doth fhew dire&ly ,. from the given | 
Time, the defcrib'd Arch ; that is, if ET be made | 
to. ty, as the. Time belonging to the Area | 
ThF is to the given Time, the Point t poffeffing | 
the Middle of che Line T E, and cy being drawn 
perpendicular to T E ; the Diftance from the Fo- 
cus F will be-equal.to ys: From whence the 
ny Circle defcrib'd. from’ that Radius 
See Newton, will determine the Point. But fince | 
Book I. Frog 30... this Method is not fo fit for Calcu- | 
yd ^: lation, we pafs it by in this Place, 
Scbolium. Hitherto we have chiefly expounded | 
the Motions of Bodies attracted unto an unmove- | 
able Center, fuch: as fcarce is in the whole 
Compafs of Nature. For Attra@ions are wont | 
to be unto. Bodies; and the Actions of the Bodies 
attracting and attracted, are always mutual and. 
equal,-as we fhew'd before, ( Law of Motion $.)3 | 
fo that neither can the Attrahent reft, nor the At- | 
| tracted, | 


! 
i 
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traced, if they be two Bodies: but muft both, as 
it were, by a mutual Attra@ion,:iwhere the pro- 
je&ile- Motion of: both is daly imprefsd upon 
them, be revolv’d about the common Center of 
Gravity. And if there be more Bodies, ( which 
are either attracted by a fingle one, or attract each 
other mutually) thefe ought to be fo: mov'd among 
themfelves, that the common Center of Gravity 
fhould either reft, or be mov'd. uniformly in a 
ftraight Line, as we fhew'd before, ( Law of Mo- 
ton 24.) For which Reafon, we proceed to fet 
forth the Motion of Bodies, as mutually drawing 
each other; confidering the Centripetal Forces as 
AttraGions, altho’ indeed fpeaking phyfically, 
they may perhaps be more rightly called Impulfes. 
For:we look riot “here fo mich at the phyfical 
Gaufés, as at tlie Effe& it felf, confidering and 
meafuring things in a^ Mathematical Way, and 
ufing an eafy and familiar Term; “though in- the 
íflri& Notion of it perhaps it may not agree 
“XXVIL Two Bodies attracting. one another, 
defcribe like Figurés both about- the Common 
Genter of Gravity; ‘and about one another ; that 
is, whilft they really defcribe like Figures about 
the Gommen Genter of Gravity, the Eye being. 
placed in either-of the two, and not perceiving 
its own Motion, or that of the Center of Gravi- 

; a Figure like to the fame will feem to it to be 

fcrib'd. CCRT oak: S 
"For the Diftances from the Common Center 
of Gravity are, reciprocally Proportional to the 
Bodies, and confequently in a given Proportion 
to each other ; and by Compofition in a givetr 
Proportion unto the whole Diftance betwixt the 
Bodies. But thefe Diftances are carried about. 
their Terms, with a common Angular Motion; 


Li 
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becaufe lying always in a ftreight Line, they do 
not change their Inclination to one another. But. 
Right Linesswhich are in a given Proportion 
to one another, and are carried about one ano: 
ther with an equal Angular Motion, defcribe al«- 
together like Figures about the fame Points (in 
Plains which either reft. together with thefe 
Points, or are mov'd with any Motion which is 
not Angular. ): And therefore the Figures which 
are defcrib’d by thefe revolving. Diftances; are 
equal. .9. E. D. . fe KEIN 
Scholium. Thus the Earth and the Moon are 
carried by a Monthly Motion about the Common 
Center of Gravity of both... But to us placed 
on the. Earth, to whom. neither the Motion of: 
our own Seat, nor of the Center of Gravity, as 
"being an Invifible Point, is perceptible, the Moon 
alone feems to be carried about ; and fo it mutt 
needs happen in all che reft of the Syftems of che 
planets.sa enr. 4] bog. 4F T9 I 
.  XXVILL Tf two Bodies attra& one another 
with any Force. whatever, and be in the mean 
while revolv'd about a common Center of Gra- 
vity ; a Figure like and equal may be defcrib'd: 
by the fame Force about either Body unmov'd, 
to the Figures which the Bodies fo mov'd defcribe 
about one another. — iP. d 
In Fig.2. Plate 6.Let S and P be revolv'd about Cy. 
the common Center of Gravity; S from S to. 
T, and P from P to Q ; from a given Point s let: 
spandsq be drawn, equal and parallel to SP, 
TQ. Here the Curve pqv, which the Point p 
deícribes about the unmoved Point s, will be like 
and equal to the Curves, which the Bodies S and 
P defcribe about each other ; and confequently, 
by our laft Propofition,like to the Curves $ T and. 
POQV;, which the fame Bodies defcribe about Ts 
tag 
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thé common Center of Gravity ; and this fo be- 
caufe the Proportions of the Lines S C. C P, and 
SP, or sp to one another are every where 
gen. | di T 
^" 1Gafe (1.) That common Center of Gravity C, 
either tefts , or is uniformly mov'd- ftraight for- 
ward, by the 2¢th Law of Motion. Let us firft fup- 
pofe it to reft; and in s and p let two Bodies be 
placed, the unmov'd one in s, the mov'd one in 
p; and let them be refpectively like and equal to 
Sand P.. Then let the right Lines P R and pr 
touch the Curves PQ and pq in P and p; and — 
lec C Q and sq be drawn forth. unto R andr. 
Flere becaufe of the likenefs sof, the Figures 
CPRO andsprq, R O will betorq, as C.P 
is to sp; and confequently in a given ;Proporti- 
on: Therefore if the Force wherewith the Bo- 
dy P is attracted to the Body S, and confequently 
towards the intermediate Center C, fhould be to 
that wherewith the Body p is attracted, towards 
the Center s in that fame. given Proportion ; 
thefe Forces would in equal Times always draw 
Bodies from the Tangents PR, and prto the 
Arches PQ, pq’ by Intervals Proportional to 
thofe Forces R Q. rq; and confequently the lat- 
ter Force would make that the Body p fhould be ~ 
tutn’d round in the Curve p q v, which would be 
Jike to the Curve P Q V, in which the former _ 
Force makes the Body P to be turn’d about ; and 
the Revolutions: would. be compleated in the 
fame Times. But becaufe thefe Forces are not 
to one another in:the Proportion of C P to sp; 
but (by reafon of the Similitude and Equality of 
the Bodies S ands, P and p, and the Equality of 
xhe Diftances S P, s p) equal to one another, the 
Bodies will be attra&ed equally from the 
Tangents; and therefore that the latter Body p 
Bison. pew fhould 


192 Mathematical Philofophy. 

fhould be drawn thro’ the greater Interval rq, 

ereater Time is requird , and this in the fubs 
duplicate Proportion of the Intervals ; becaufe thé 
Spaces defcribed are in the duplicate Proportion 

of the Times by Propofition 4. Therefore let 
the Velocity of the Body p be fuppos'd to be to 
 theVelocity of the Body P in the fub-duplicate Pros 
portion of the Diftánce s p to the Diftance CP; 
fo that in Times which are in the fame fub-du- 
plicate Proportion, the Arches PQ, p q may be 

defcribed, which are in the entire Proportion like 

to one another : In this Cafe the Bodies P, p. 
which are always attracted by equal Forcés, will 
defcribe about the quiefcent Centers C and sj 
like Figures P QV, pqv. the latter whereof 
pqvis like and sequal to the Figure which the 
Body P' defcribes about the moved Body S. 
^: Cafe (2.) Let us now fuppofe that the common 
Center of Gravity , together with the Relative 
Space in which the’ Bodies are moved amongf{t 
themfelves , goes forwards uniformly in a Right 
Line; by the 26th Law of Motion,all che Motions 
will be perform’d in the Space as before ; and 
confequently the Bodies will defcribe about one 
another the fame Figures as before ; which there- 
fore will be like and equal to the Figure p q v. 


9. E. D. | li 9% 

Coroll. (2.) The periodic Time about the uns 
inov'd Body. s, will be greater than the periodic 
‘Time about the moved Body S, or rather that | 
which is about C the Center of Gravity: and. 
. that in the reciprocal Proportion of the Angles 
defcribed at the fame time; that is, in che fubdu- . 
plicate Proportion of the Radii sp and CP; 
that is, in the fubduplicate Proportion of the Bo- 
dies S-]- P to the Body S. Thus, if the Messe 

 ghon 
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fhould be moved: about.s, which is che Earth un- 
inov'd, at the fame Diftance char icis: And fince 
-he Quantity of the Matter in che Moon is about 
sne goth Part of the Quantity of Matter 
m the Earth; the periodic Time of the Moon 
would be greater than that periodic Time of che 
ame, which is at prefent, nearly in proportion of 
the Number 40 to the Number 39[ 498. ' For it is 
10:39|498 :39 x. From whence, fince the 
»eriodic Time of that Planet is now 274. Di, da^ 
or 29243; in the other Cafe it would be 39841, 
OB GERE X n lee eer D ms » 
| Coroll,.(2.), Hence two Bodies drawing one 
another by Forces directly proportional to their 
Diftartes, defcribe (fee Prop. 19.) both about the 
;:ommon, Centet;of Gravity, and about each other 
Ellipfss Concentrical], and which have their Cen- 
rers-in the Centers of the Forces. And ori the 
contrary, if fuch Figures be defcribed about the | 
Centers of Ellipfes, the Centripetal Forces are 
lire&ly proportional to. the,Diftances from thofe 
^ a wr qp a "n 
Coroll. (3.).. Two Bodies drawing one another 
oy Kotees reciprocally, proportional to the Square 
of their Diftances, (fee Prop. 21. ) do both about 
‘he Common Center of Gravity, and about each 
other, defcribe Conical Se&ions, which have 
their Foci in the Center, about which the Figures 
are defcribed. Andon the contrary, if fuch Fi- 
gures be defcribed about the Focus of Conic 
Section, the Centripetal Forces are reciprocally - 
proportional to the Squares of. the Diftances. 
- Cerell. (4.) Any. Two Bodies revolving about 
a common Center of Gravity, (fee Prop. 15.) do 
NW Rays drawn to that Center , and to each 
ether, defcribe Areas AG, to the Times , 
TES i AUT Cx NM by 
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by reafon of the perpetual Direction of the Rays, 
or Centripetal Forces to thofe Centers. T 
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OXXIX. UP 4:38EF Two Bodies S and P, ( fee 
] ecole Fig. 2. Plate 6.) which are 

a I €* revolv’dabout a common Cen- 

eo ter of Gravity, do attract each 

other with a Force reciprocal: 

ly proportional to their Diftance from the Center; 
the Tranfverfe Axis of the Ellipfis, which either 
of them, as P defcribes about the other S, will b 
to the Tranfverfe Axis of the Ellipfis, which the 
fame Body P might defcribe in the fame periodic 
Time about the other at Reft, as the Sum of the 
two Bodies S -]- P is to the firft of two Proportio- 
nals betwixt this Sum, and that other Body §. 
For if the defcribed Ellipfes were equal one to 
the other, the periodic Times would be, by the 
laft Propofition, in the fubduplicate Proportion 
of the Body $, to the Sum of the Bodies S -| P. 
Now, if the periodic Time be diminifh'd in this 
Proportion in the latter Ellipfis,the periodic Times 
will become equal: And the Tranfverfe Axis of 
that Ellipfis will (by Prop. 13.) be diminifh'd in 
the Proportion, of which this Subduplicate is the 
Sefquiplicate ; that is, in the Proportion of whi 
the entire Proportion of S to S -|- P is triplicate ; 
and confequently will come to be to the tranf- 
verfe Axis of the other Ellipfis, as the firft of the 
| two 
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wo mean Proportionals betwixt S-+ P, and S i 
oS-L- P. And inverfly,the cranfverfe Axis of the 
zllipfis, defcribed about the moved Body, will be 
o the tranfverfe Axis of that defcribed about the 
Jody unmov d, as S++ P is to the firft of thetwo 
nean Proportionals betwixt S -]- P and S. .9.E.D. 

Thus, if the Moon’s mean Diftance from the | 
arth ; that is, half the tranfverfe Axis of the 
zllipfis defcribed in the Suppofition of the Earth's 
yeing unmoved, be of 6o Semi-diamerers of the 
Zarth, in Proportion to the given periodic Time ; 
hat Diftance will be greater chan 6o Semi-diame- 
ers of the Earth,on the Suppofition of theCircum- 
tation both of the Earth and che Moon about z 
:ommon Center of Gravity ; and that in the Pro- 
sortion of the Sum of the Earth and the Moon 
‘o the firft of the two mean Proportionals be- 
wixt the Sum of the Earth and of the Moon, to 
he Earth; or in the Suppofition of the Moon's 
yeing a 4oth Part of the Earth, as 40 is to 
39166. For 39: 39133 : 39166 : 4o. From 
whence, fince the Diftance of the Moon in 
he Hypothefis of the Earth's being unmoved, 
is put to be of 6o. Semi-diameters of the Earth 5 
it will be, in the other Hypothefis, of 603 Semi- 
diameters. 

Coroll. From what was juft demonftrated, it 
follows, that if two Bodies drawing each other by 
iny Force whatever, and which are not moved 
from any thing elfe, nor impeded, be moved in 
any fort whatever ; their Motions will be the fame 
in effe&, as if they did not attract each other, 
but were both attracted. with the fame Force by 
fome 4d Body placed in the common Center of 
Gravity: And che Condition of the attracting 
Force will be the fame, in refpe& of the Diftance 
of the Bodies from that common Center, and in 

| O 2 | refpe& 
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 refpe& of their whole Diftance betwixt them- 
felves. For that Force wherewith the Bodies 
draw each other , becaufe it tends to the Bodies, 
tends to the intermediate common Center of Gra- 

- vity; andthe Diftances from the Center of Gravi- 
ty, are every where proportional to the Diftances 

V ofthe Bodies ; and confequently the Forces are the 
fame, and do in the fame Proportion increafe oi 
decreafe, as if they proceeded from the interme- 
diate. Body in the Center of Gravity. i 

|. XXX. Many Bodies, whofe Forces are pro- 
portional to the Quantity of Matter, and in the 
dire& Proportion of the Diftances, may be movd 

in divers Ellipfes about their Centers, in fuch fort 
that their Motions may continue perpetually with- 
out any Perturbation, and that the common Cen: 
ter of Gravity of them all may in the mean while 
ters ( | 
In the firft place, lét che two Bodies T and 
(fce Fig. 3. Plate 6.) be fupposd to have D for 
the common Center of Gravity. If a projectile 
Motion be once imprefs’d in due Proportion ac- 
cording to parallel Lines fituate in the fame Plane, 
but according to Directions contrary to both, 
thefe- Bodies will defcribe like Ellipfes, having 
their Centers in D the common Center of Gras 
vity, as we fhewed above, Prop. 19. - 4 
" Now let S, a 3d Body, draw the two former T. 
and L, with the accelerating Forces S T and a 
and be reciprocally drawn by them. ‘The Force 

^ ST may, by the 22d Law of Motion, be refolv'd. 
in the Forces S D, D T; and the Force SL into 
the Forces SD, DL. But the Forces D T, DL, 
which are as [TL the Sum of them: [; For fince 
the Proportions of the Parts T D and DL do al- 
ways remain the fame,the Proportion of the whole 
alfo T L will remain the fame in all the Dieu 

| 0 
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sf the Bodies T and L. ] And the accelerating - 
Forces of the Bodies themfelves T and L, are as 
he Diftances T L ; and the additional Force ari- . 
ing from the Body 5, and tending according to 
E Line T L, is, as we have already feen, as the - 
ame Diftances TL: Therefore the Sum. of the 
Forces T D and LD, refpecing the Center of 
Gravity, are as the Diftances D T and T L. But 
thefe are greater than the former Forces; and con- 
fequently will make that thofe Bodies fhould de- 
(cribe Ellipfes, either like to the former, with a 
(wifter Motion, if the projectile Force be accele- 
rated in Proportion to the additional Centripetal 
Force; or of another Species, if that proje&ile 
Motion remain given. The remaining accelera- 
ting Forces SD and SD,whilft theydraw thofe Bc- 
dies equally, and according to the Lines Ab InK, 
parallel to D 5, do nothing at all change their Si- 
tuations each to other, but caufe that they fhould 
equally approach to the Line I K perpendicularto . 
SD. But that Accefs to the Line IK will be 
hindred, by caufing that the Syftem of the Bodies 
'T and,L ; that is, that D the Center of Gravity 
of the Two on one Part, and the Body S on the 
other, Should be revolv'd with due Velocities inthe ' 
given Plane about C the common Center of the 
Three, according to parallel Lines. The Body 
S by fuch a Motion ( becaufe that the Sums of the 
Motions, being on both Sides directly proportional 
to the Diftance SD, and confequently to thofe 
CD and CS, do draw the Bodies towards the 
Center C:) The Body S, I fay, for this Reafon - 
"wil (by the faid Motion) defcribe an Ellipfis 
about the fame Point C ; and the Point D. will 
defcribe an Fllipfis on the contrary Part; in ther. 
mean while that the Bodies T and L go on to de- 
fcribe their Ellipfes, as before, about the moveable 
Genter D. O 3 | Now, 
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New, let a fourth Body, as V, be added, and 
it will be concluded by the like Argument, that 
this and the Point C may defcribe Ellipfes about 
B the common Center of Gravity of them a ; 
the Motions of the former Bodies TL and § 
about the Centers D and C ftill remaining, but 
EE accelerated : And the thing will be che 
fame in cafe of more Bodies. | — r 
Coroll. (1.) The Cafe of a Syftem of Bodies 
revolving about other Bodies, where the Centri- 
petal Forces are directly as the Diftances, affords 
exa& Ellipfes, fuch asare in no wife difordercd by 
the Addition of more Bodies. But by how much 
the more the Quantities of the Centripetal For- 
ces depart from this Proportion, the Bodies muft 
neceffarily, ceteris paribus, the more diforder and 
difturb one another's Motions. H 
Coroll. (2.) But if the Centripetal Forces be 
reciprocally as the Squares of the Diftances, i: 
a Syftem of two or more leffer Bodies revolving. 
about a common Center of Gravity placed in the. 
Focus of the Ellipfis, be preffed on one Side by a. 
Body far greater than any of them, but fufficient- 
ly remote ; and be preffed in fuch fort, that the 
common Center of Gravity of them all becomes 
not far diftant from the Center of the greater 
Body, the common Center of Gravity of the 
Syftem of the leffer Bodies will defcribe an El- 
lipfis about the greateft Body, or rather about che - 
common Center of Gravity of them. all. Bue 
divers Inequalities will arife in the Motions of the 
leffer Bodies, which we fhall explain in what 
follows. Such indeed as Aftronomers have. 
noted in our Moon from moft certain Obferva- 
t10ns. | / 
Cere. (3.) But the greateft Diforder of all 
will arife in che leffer Syftem, if the greateft Bo- 
: j^ Says 
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dy fhould attra& divers Parts of that Syftem un- 
equally at equal Diftances ; that is, if the divers 
Kinds of the various Bodies fhould gravitate un- 
equally, or in divers Degrees towards the greateft 
Body ; efpecially if the Inequality of this Pro- 
portion fhould be greater than the Inequality of 
the Proportion of the Diftances from the greateft 
Body. For if the accelerating Force, whilft it 
a&s equally, and according to parallel Lines, 
does nothing at all difturb the Motions of Bo- 
dies amongft themfelves, a Difturbance muft ne- 
ceffarily arife from the Inequality of the Action ; 
and muft be greater or leffer, according to the 
greater Or leffer Inequality. The Exceffes of the 
greater Impulfe, whilít they a& upon fome Bodies, | 
and not upon others; or a& lefs upon fome than 
others, will neceffarily change their Situation 
amongft themfelves. And this Difturbance being 
added to the Difturbance which arifeth neceffari- 
ly from the Inclination and Inequality of the 
Lines,will make the wholeDifturbance the greater. 

Coroll. (4.) From whence, if the Parts of the 
leffer Syftem fhould be moved in Ellipfes about 
the Focus, or in Circles about the Center, with- 
out any other Difturbance of their Motions, than 
what proceeds from the Inclination and Inequa- 
lity of Lines drawn from the greateft Body ; it is 
manifeft, that the accelerating Forces of all the 
Parts of the Syftem towards the greateft Body, |. 
are in equal Diftances equal ; and that all che Bo- 
- dies comprehended in the leffer Syftem, do equal- 

ne towards the greateft Body at equal 
Diftances. 

Coroll. (s.) Hence it is alfo manifeft, that the 
Parts of that leffer Syftem are either urged by no 
accelerating Force, but what tends to the greateft 
Body, except it be very lug and infenfibly ; or 

4. 
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at leaft are urged very nearly with equal Impreft 
fions, and according co parallel Lines. All which 
things it were eafy to apply to the Syftems of the 
Earth and Moon, of Jupiter and his Satellites, 
of Saturn and his Satellites revolying about the Sun. 
XXXI. If a primary Planet revolving about 
the Sun carry a Moon along with it, this will 
be fo mov'd abont the Primary, that it will per- 
. petually be accelerated from the Quadrature with 
the Sun, unto the Conjun@ion or Oppofition 
next following; but from the Conjun@ion to the 
Quadrature, it will be retarded ; and confequent- 
ly will be carried more {wiftly about the Conjune 
ction and Oppofition, but more flowly about the 
Quadratures. | : m 
In Fig. 4. Plate6. let Q be the Sua, S the 
primary Planet revolving in E S E, its annual Orb, 
P or p a Moon defcribing its own menftrual Peri- 
od AD BC about the Primary ; in which Orbit, 
let the Points A and B defign the Syrigies with the 
Sun; that is, the Conjunétion and Oppofition : 
C and D the Quadratures, that is, che Points di- 
ftant on this Side and on that a Quarter ofa Circle 
from theConjun&ion & Oppofition. Further,letQs, 
or OK, or Qk, the mean Diftance of the Moon or 
Satellit from the Sun, reprefent the Quantity of the 
accelerating Attraction ; that, to wit,whereby the 
Secondary Planet tends to the Sun,’ where it is 
placed at the fame Diftance from the Sun, as the 
Primary; and P or.p be fuppofed to be the Place. 
of the Satellit in its own Orbit: And let QL or 
Q1 betaken in the Line P Q or p Q, produced if 
need be, which QL or Ol let be to QK or 
Ok inthe duplicate Proportion of QK or Ok to 
Q P or Op; thacis, fo that ic may be thus, PQ: | 
On: OR: OLDS or Qp: Qk :Qr:Qlm: 
Thele Things being thus, this Line QL or Ql], - 
Muir which 
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which was laft found, will exprefs the accelera- 
tive Attraction of the Moon placed at L or | to- 
wards the Sun in Q. Then let S,P or S,p be 
joined, and L M or L m drawn parallel to iz, and 
meeting QS in M or m. Here the accelerative 
AttraGion in QL or Ol, by the 22d Law of Mo- 
tion, Wil be refolved into the Attra@ions LM, - 
and LF, or MQ; or into 1m, and If, or 
m Q ; and this with the Dire&ions of thofe Lines. 
Of which Attractions, that which is reprefented 
by MQ or m Q is reduced to the Attraction m S; 
by taking away the Attia&ion as QS, 
which is common to the Primary and its Sa. 
telles; and which confequently brings in no Ano- 
malies. By which means the Attraction of the 
Satelles, tending according to the Direction SQ, 
which ought to be reckoned in this Place, is re- 
duced‘to the Attraction M. S in the Place P, fo 
much as the Satelles is more attracted to the Sun 
than the Primary. From whence M S in the 
former Cafe, and mS in the latter, will defign 
the Difference of the Attra&ions tending along 
SQ: And confequently the Satelles, by this 
means, is urged with a threefold Attra&ion, or 
rather with fuch an Attraction as may very well 
be refolv'd into three. . The firft and chief being 
that wherewith the Primary S draws this Secon=. 
dary Por p; the fecond that which is proportio- 
nal to LM or 1m, with. the Direction of the Line 
LM orlm; that is, with the Direction of PS or 
pS parallel to LM or 1 m: From whence the 
whole Force, compounded of thefe two Attra- 
étions, when it refpects che Center of the Prima- 
ry $, will make that the Body P or p, if it were 
imprefsd with thefe alone, would even yet de- 
fcribe Areas about the fame Center S proportional 
to the Times, by Prop. 15. But the Satelles is 

| alfo 


ae 
£ L 1 


202 Mathematical Philofopby. E 


alfo a&ed on with a third Force, with one that | 
is as M S or mS, and with the Direction from M 
or m towards S: that is, from L or | towards E | 
or f. This, in the Pofition P, tends more | 
to the Sun than its Primary ; and that according | 
to the Direction parallel to QS by the Excefs | 
MS. And in the Pofition p, it tends lefs to che | 
Sun than its Primary; and this according to the | 
fame Dire&ion parallel to QS by the Defect m S, | 
Which will come altogether to the fame, as if we 
fhould reckon the Excefs M S from L towards F; 
and the Defect m S from f towards ] ; or the Exe 
cefs from M. towards S, and the Defe& from m tos. 


this Side and on that, by.a double Sun placed op- | 
pofite each to other. For when the Primary is” 
drawn back from its Secondary towards the Sun 
by a true Excefs of Attraction, there will be alto- 
gether, as to the Primary, all the fame. fenfible: 
Effects, (and thofe alone are what we are now 
fearching after ) as would be if the Primary be-. 
ing unmovd, the Secondary were drawn away 
by the fame Difference of Attraction unto the — 
Part oppofite to the Sun. But now, fince this — 
third Force which arifeth from the Difference of 
Attractions parallel to S Q, doth not tend to the | 
Center S, neither doth the total Force compoun- — 
ded of thefe three. Attractions, that, to wit, 
wherewith the Satelles is mov’d, tend unto the - 
{aid Center. Wherefore, by Prop. 17. and 18. 
the Satelles will not defcribe equable Areas about - 
the Center. of the Primary, or fuch as are pro-- 
portional to the Times. | But the Force reprefent- _ 
ed by MS or mS, will difturb the equable De- — 
{cription of Areas In the Quadrant CA, 
of the Semi-cirle CA D, fuppofing the : 
monthly Motion to be perform’d from West y | 
| | Eaft 


t | 
| 
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East through A,D,B,C, the faid Force accelerates 
the Motion of the Satelles about S, from C... 
to A, by confpiring together with it; but after 
the Conjunction in A in the Quadrant AD, it 
retards the Motion by being oppofite to it. But the 
Satelles being come unto the Quadrature about D, - 
the 3d Force MS or m s vanifheth away ; ( becaufe 
QK or Qk: QP or Qp; and confequently OL 
and Ol alfo are then equal.) And therefore - 
the Force expreffed every where by the faid MS, 
can have no Effe& in this Place. "Therefore che 
Satelles, which about the Quadratures is urged by 
the reft of the Forces, and thofe only tending un- 
to the Center of the Primary, will defcribe equa- 
ble Areas by Rays drawn to the Center, or pro- 
portional to the Times, But whilft the Satelles 
goes over the Quadrant D B, Qm falls fhort of 
QS; and if we refer the difturbing Force to the 
Satelles alone, it will tend from m to S, and will 
again accelerate the Motion thereof by confpiring 
together with it: But after the Oppofition in B, 
the Force will ftill tend from m towards S; but 
will now retard the Motion of the Satelles by be- 
ing contrary thereto; untill again about the Qua- 
drature C, m S vanifheth away, and confequent- 
ly its Effects ceafe. Again, feeing the Force MS 
or mS, which difturbs the Area in the Paffage of 
the Satelles from C to A, and from D to B, is 
continually increasd, and in A and B becomes 
the greateft ; and from thefe Points again is con- 
tinually diminifh’d, whilft che Planet is carried 
from Ato D, and from B to C, until it at length 
vanifheth away in the Points D and C; it is ma- 
nifeft, that the Motion of the Satelles, as beheld 
from its Primary, is the fwifteft, ceteris paribus, 
in the Conjunction and Oppofition A and B, and 
floweft in the Quadratures Cand D, 2, E. D. ; 

Corols: 
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Coroll, (x.). From hence we may falve that In- | 
equality in the Motion of the Moon, named by 
Aftronomy. The Variation; wherein the Moon is 
carried more fwifly in the Conjun&ion and 
' Oppofition, than in the Quadratures ; and this 
fo, that in moving from a Syrigy to an Odant, 
it gains about 35 Minutes above the middle Mo. 
tion ; and lofeth again the fame Quantity in its 
Motion from an Octant to a Quadrature ; and. fo 
perpetually. And the like Anomaly is to be ex-- 
pected in the little Moons of "fupiter and Saturn I- 
although by reafon of their great Diftance from 
the Sun and from us, and of their fhort, menftrual: 
Periods, it is not fenfible to us. - ^, Z 
Coroll: (2.) Hence alfo it follows, that the 
Orbit of any Moon, ceteris paribus, will be more 
curve in the Quadratures than in the Conjunction 
. and. Oppofition. And confequently, if it be ig. 
it felf Circular, it will become fomething Ellipe 
tical, in fuch fort that the lefler Axis will be al-- 
ways placed in the Conjun&ion and Oppofition, 
and the greater in the Quadratures. But if the 
Orbit be of it felf Elliptic about its Primary pla- 
ced in one of the Foci, it will partake more of 
that Figure, than if it were not affected with. 
this Anomaly. Cartes was the firft. that I know 
of; that affigned this oblong Figure to the Orb of 
the Moon, which he did only by way of Hy- 
pothefis and Conje&ure: But in the mean while 
he fell into a great Error, when he determin'd 
that the Moon comes nearer to the Earth in all 
Conjunction and Oppofition, and departs further 
off in the Quadratures ; when on the contrary , 
by the proper Eccentricity of that Orb, the Ling 
. of the Apfides being put the Conjunction and 
Oppofition, the Moon is more remote from the - 
Earth in the higheff Apfis, than in the Quadra- 
tures s 
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tures; that Inequality which we have been fpeak- 
ing of notwithftanding. But the great Dr. Halley 
was the firft who, from Obfervations, attributed 
this oblong Figure to the faid Orbit; or at leaft 
the firft that communicated the fame to the Pub- 
lick ; and from thence fhew'd, that the Lunar | 
Theory was to be corrected: But as to the De- 
monftration of this Corollary, it is eafily dedu- 
ced out of the Propofition. For Bodies which 
are fwifter, do decline lefs from the right Path 
than flower ones: And befides, the difturbing 
Force MS or mS in the Conjun&ion and Op- 

ofition, is not only the greateft in it felf , but is 
alfo dire&ly contrary to that Force wherewith the 
Central Body S:draws the Body P or p; and 
confequently diminifheth that. Force by being 
contrary thereto. But the Body p or P will de- 
cline lefs from the right Path, when it is lefs ur- _ 
ged towards the Central Body S ; and confequent- 
ly will be more carried in an Oblong Elliptic Path 
about its Primary. 
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XXXII. 207 459€ F by reafon of the Diftance 
Ly ae SS betwixt the Sun, and a pri- 
: “a 1 €» mary Planet increas'd and 

SA e Jd diminiffrd by turns, the A&t- 
. i on of the Sun be alternately 
increas'd and diminifhd ; the Radius of the Or- 
bit of the Satelles will withal be increas'd and di- 
minifh’d, and the periodic Time of the Satelles 
about its Primary will be chang'd cite ate 
: that 
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that is, will be increas'd when the Radius is ins 
creas d;and on thecontrary,diminifh’d when ic is fo. 
The Force wherewith the Primary draws its 
Moon, is increafed when the Moon is in the 
Quadratures C and D, by the Addition of the 
Force SP or Sp; the Force S M or Sm vanifhing 
away ; and is diminifh'd when the Satelles is in the 
Conjunction and Oppofition, by the taking away 
of the Force SM or SM. And becaufe the. 
Force S m or SM in the Conjunction and Oppo= 
fition, is twofold of SP or Sp in the Quadra- 
tures, where the Point R or r falls-in almoft with 
the Point B or A; the attra@ive Force of the 
Primary will be more increas'd than diminifh'd in 
every Synodical Month, and confequently is to 
be reckon'd for abfolutely increas'd. "Therefore 
the Force of the Sun being increas’d about the 
Perihelion of the Syftem, the attractive Force of 
the Primary will be more languid , and the Orbit 
will be enlarg’d; but the Force of the Sun being 
diminifh'd about the Aphelion of the Syftem, the 
attractive Force of the Primary will be more 
firong, and the Orbit will be contracted. But 
the periodic Time of the Sarelles will be increas'd 
with the enlarging of the Orbit ; and on the con- 
trary, diminifh d with it: and thus every Year the 
middle Motion of the Satelles will be greater and 

leffer by turns ; and is to be accounted truly mean, 
. only in a mean Diftance from the Sun. Oe 
Coroll, (x.). Hence we may folve that annual 
Inequality in the Moon, which refpe&s the middle: 
Motion thereof; that, namely, in which the 
middle Motion of this Planet doth alternately eX 
ceed and fall fhort of the true middle Motion, by 
— an Excefs or Defect of 12’ almoft ; exceeding it 
in the Paífage of the Earth from the re- 
moter Apfis to the mean Diftance; and falling 
fhort thereof from the mean Diftance to the near- 
he er: 
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st Apfis ; and again, falling fhort from the nearer 
Apfis co the mean Diftance, and exceeding it 
rom the mean Diftance to the remoter Apfis: and 
o perpetually. And the fame thing is to be judg- 
sd of the Moons about Saturn and ‘Fupiter, in their 
Proportion. Albeit this Inequality in thefe, and 
+he reftlikewife, is fo very fmall, that ic may 
very well be negleéted in moft Cafes. . 

Coroll.(2.) The truly original and primitive 

periodic Time of every Moon, that is, that Time 
in which it would revolve about its Primary, if it 
were without the reach of the Sun's Action , is a 
little fhorter than the middle periodic Time ; and 
the orginal Diftance from its Primary, a little lefs 
than the prefent. Namely, becaufe if the Force 
of the Sun, which debilitates the Force of its 
Primary, were taken away, it would approach 
nearer to its Primary ; and thus the periodic Time 
would be the fhorter. 
* Goroll. (3.) Hence alfo we may infer, with the - 
Famous Dr. Gregory , that if any Primary Planet 
fhould, through the Acceffion of new Matter, 
become greater than it was, and from thence its 
Attra&ion become proportionably greater; its 
Moon would revolve about it at a lefs Diftance; 
and in a fhorter time. As on the contrary, by 
the Diminution of the Matter of the Primary, 
the Orbit and periodic Time of its Moon 
would be enlarged. And the fame thing would 
happen in any Primary, in cafe the Sun was in- 
ereas’d or diminifh'd. 

-Coroll. (4.) Since therefore it is manifeft from 
the moft ancient Aftronomical Obfervations, as 
compared with the latter, that the periodic Times 
of the Primary Planets about the Sun, and of the 
Moon about the Earth, are the fame in this Age,as 
they were 2000 Years ago ; it is certain, that the 

| | Quan- 
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Quantity of Matter both in the Sun and in thé. 
Earth, is the fame that it was then , and hath had 
no fenfible Addition or Diminution. P 
- Coroll. (s). But if the Quantity of Matter in 
the Earth be fuppos'd to have been increas’d by 
Noah’s Deluge, or by any other means, the Quan- 
tity of the periodie Month of the Moon mutft nes 
ceffarily have been diminifh’d thereby... ..._ 
XXXIII. If a Secondary Planet defcribes an 
Elliptic Orbit-about its Primary; which is placed 
in the Focus of the Ellipfis; the greater, Axis of 
this Ellipfis, or the Line of Afpes, will, by an 
angularMotion,¢o forward and backward by turns 
but it will. go forward more than it goes backs 
and in each Revolution of the Secondary,.by.the 
Excefs of the Progreflion, it will be carried. tos 
wards the confequent Signs ; That is, In the. Con= 
jun&ion & Oppofition with the Sun,it will go fore: 
wards ; & inthe Quadratures it will go backwards, 

For the: Force wherewith, the Secondary. 
Planet P. or p isurged towards its Primary. about 
the Quadratures, where the other Force MS “OF 
mS is vanifh'd away ,.is compounded of ri 


H 


Force LM. or 1 m, and the Centripetal Force of 
the Central Body S. The former Force, if the 
‘Diftance be increas’d or diminifh’d, is incréas’d or 
diminifli'd almoft in the fame Proportion directly ; 
fo that in the greater Diftance from the Primary, 
the Attraction towards the Center becomes. 
greater, and in a leffer Diftance lefs. But the 
latter Force arifing immediately from the Primary” 
án a greater Diftance becomes lefs, and in a leffer - 
Diftance greater; and is always in the duplicate 
Proportion pf the Diftance reciprocally. And 
confequently the entire Force, or the Sum of the 
Forces towards the Center of the Primary, doth, 
upon the Increafe of the Diftances,. incre in a 
- . dealer 
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effer Proportion than the duplicate Proportion of. 
-he-Diftanee is; that is, it is not fo much dimis 
nifh’d in à'greater:Diftrance, nor is it fo much in- 
;reas'd ina lefferDiftance, as the: Motion about | 
ne’ Focus-of the unmov’d Ellipfis doth require: 
itin che/Conjun&ion ‘and Oppofition, the Force: 
wherewith the Secondary’ is urged towards its Pri- 
aary,: is the. Differencé betwixt the Force wheres; 
with the Secondary is drawn by the Primary, and. 
Ke Force KOL or k15 or in:this Cafe SEM. or S m. 
\nd'sthat Difference’, becaufe the Force :S Mc 
ht Sinviscincreas’d nearly in the very Proportion: 
if«the Diftatice dire&ly, :decreafeth imlefsithan a: 
iuplicate: Proportion ‘of the Diftance; and confe-: 
juently:is greatér-in a leffer Diftance; and lefsin- | 
5grteater;: than fufficeth for the defcribing an un. 
aoyéd-Ellipfis: -: Büc. iP: the Centripetal Force de- 
reafetbi dn more than <a duplicate Proportion: of - 
hadDiftáncejas.it'comes co país about the Conjun- 
tioh àand'Oppofition ;this is a little like the Cafe of ' 
hé Decreafe of the Ceneripetal Force in thé tripli- 
ate Proportion of the Diítance ; from whence a: 
Aotion in'à fpiral Line,without any Change of the,” 
Fangénc to the Radius, would follow.:: The Se- 
iles therefore will revolve-in fome moveable El-. 
ipis; or-a:. greater angular Motion will be re=/ 
juie’d,j’ that the /Tangents oblique to: the Radius . 
hould become perpendicular to the fame, that is,» . 
hat the’ Satelles fhould come to its Apfides, than 
¥ould be required if the Forces were in. the du- . 
llicate; Proportion of the Diftances reciprocally 5 — 
hat. is, the Line of the Apfides will go:forward. ' 
And on: the contrary, if the Centripetal:Force 
lecreafeth in a lefs than duplicate Proportion: of 
he Diftance, as it happens about the Quadratures, 
he:contrary: Cafe follows ; and the Motion of the _ 
secondary will arife from a. Motion different from 


| elke P that 
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thatin a Spiral, which Keeps:the Angle: of. theRadiug 
and Tangent: So that chat Angle fhould-befooner, 
chang'd;« and fooner, coms; ‘unto a right Lime, 
than at;wouldicomeaf rhe: Borée: weredm t&& ves. 
ry duplicate Proportion efcthe Diftánce;recipros 
cally ; that, is, the Liné;ofnApfides:wilkge baeky 
But im tbe intermediate; Places; betwixethe Goma 

J junction:or Oppofition; andthe: Quadeatnrés,y the; 
Motion ofithe -Apfis! depends: upon: both Mauls 
conjunély;° fo.3s to:máke that it flioild-gofon, 
wards or: PDáckwards,:according-to!the ExGeíb.ol 
thisiomthati » From whende; -fince;the Rorceske Io 
ot kl'in'the Conjunction, and-Oppofitior( asit 
lately noted, :intwice as gréat ras: the Fóreed di 
or. Im! in thes Quadratüres » the: Excefs-inyéuery: 
whole: Revolution -willo be) onthe: Sider of othe 
greater Force K 1 on kK) aindiwilktransferithetA fis 
each Revolution towárds:the confequemn$ignsasy 


- Cotoll. (1:) : Hence we mayofolvest) 
lity,. or progreffive: and: regireffive Motion of rtbig 
Lunar:Apfis; in-which the: Apogentinisife maw dg 
that insits: Conjunction aic; Oppofittonc ic goes 
forwards mate. fwiftly;! ;andair tsi Quadrasiresl 
goes back more flowly,;,and.by che Exoefsof othe 
progreffivey Motion) aboyel.the 'regrefliveogyergo 
Month; itis carried towards the:confequent Signs] 
about three Degrees ; and: thus: goes over. à whole 
Circle in.the ‘Space of! /Tén.- Years, or»d little} 
fooner..: "In; the: Moons:cof | Fupiter, \ which: ares 
mov'd almoft in) Circles, the Apfides are nbhbsaty 
all, or-infenfible at: moff, - andoconfequentl p2this 
Denionfttation appertains not to chem. (In tholg; 
of Saturn it will have place, vif atianys me 
Eccentricity fhall be'difcovered in:their Páths; but 
by reafon* of the Shortnefs; of: their: périadic: 
Times, and their vaft Diftatice from; the: Sony: 
and 'confequently. the’ fmall Force iofvth 3 

«kd Z^. M. t a 
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the Change'of the -Apogeum will be fo very 
{mall that. it cannot fall under our Obfervation, 
muclv lef be^ broughe under! Córiputation.- ^ — ^ 
Corel]. (2. Since therefore the Progress of Re- 

tefs of the Apfides dépends upon the Decreafe of 
HeeaCehedectal P orcé, which is made'in a Pro- 
tion Sreater’ot lefs than the daplicate Propor- 
rion-of the Diftatice-S Por Spin che Tranfit of 
the Body’ from’ the nearer Apfis to the: rémoter ; 
35 likewi@pon the like Increafe in thé Return to 
the nearer’ Apfe; atd'confequently is’ sreateft 
where thé Proportion of the Force in the higher 
(ofis^tó thé Force in the nearer, is nióft remote 
from the duplicate Proportion of the Diftances 
inverted $ 1t is’ manifeft that the Apfides in theig — 
Conjunétion and Oppofition, by the ablatitious 
Force WE, or'S M--L M; or Sm--Im, will eo for- 
ward more {wiftly; SP or Sp being at'that time 
the leaft-of all; and SM- or S m the greateft of 
ill; and" SP or Sp, or rather the Sum of them 
oti both Sides being the'leaft of all in the Qua- 
draturés. "From whence; in each Revolution of 
the 'Satelles; whilft che Apfides are about ché Con- 
junction: and 'Oppofition; they will go forwards 
moft fwiftlyih the Conjtitigion, and ‘Oppofition’ 
of the Satellés; and go' back’ very flowly’ in the 
Quadratures thereof; and conf€quently the Excefs - 
of the ‘progreflive Motion’ above che Repreflive - 
will be the greateft of all and the Apfis will be’ 
nioved very fwiftly towards‘the confequent Signs: 
CorolI; (5) But if the Apfides be about the’ 
üadraturés then contrary Caufes will produce 
contraty “Effects; and the Apbfides will go for- 
wards 'tidre flowly than before; ' when the Sefelles 
is in the’ Conjunction and’ Oppofition, and go 
back more fwifdy in the Quadratures’ of 1t; yea, 
it may’ come to pafsin-ehe faid' Pofttion' of che 
xv UB P 2 Ap- 
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Apfides in fome particular Revolution -of. the Sz 
telles, that the Regrefs of them in the Quadratures 
of the Satelles may furpafs the Progrefs: of the 
fame, which is when the Satellis is in the Conjun- 
ction and Oppofition. But becaufe the. ablatiti- 
ous Force SM or Sm, that caufeth the Progrefs 
of che Apfides in the Conjunction and Oppofition, 
is, ceteris, paribus, about twice as much as the ad- 


€ 


je&titious Force which brings in the. Regrefs of 
the Apfides in the Quadratures of the Setelles; and 
becaufe the Apfides do alfo tarry longer in the 
Conjun&ion and Oppofition than in the Quadra- 
tures; .fince they move in the former Place, to= 
wards the confequent Signs with the Sun, they 
£o forward, and confequently do accompany him 
longer; but in the latter Place, moving to the 
antecedent Signs, they fooner pafs the Square of 
the Sun, which moves in the mean while towards 
the confequent Signs: From thefe Reafons it ap- 
pears, that the Apfides go forward more fwiftly: 
and longer in their Conjunétion and Oppofition, 
and go back more flowly, but not fo long in their. 
Quadratures ; and that they by the Excefs of the; 
Progrefs above the Regrefs in one entire Revolu-: 
tion of them to the Sun, 4. e. in the Space of 
about Thirteen Months, are ftill carried towards. 
the confequent Signs... Thus, in the Orbit of the. 
Moon, the Apogeum thereof is moved, fo une-. 
qually, that it is co be brought under‘Rule by an; 
Equation amounting to 12 whole Degrees and a. 
Quarter, as is to be feen in the Lunar Tables, — 
XXXIV. If a Satellite be mov'd in an. Eccen-: 
tric Orb.about its Primary, the Eccentricity. will. 
be changed twice in every Revolution , and will; 
be the greateft, when the Secondary is in the Cone. 
iun&ion and Oppofition with the Sun ; and the: 
ieaft, when it is in the Quadratures ; and confe-: 
py | quently 
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quently will be increas'd continually in the Paffage 
from the Quadratures to the Conjun@ion and Op- 
pofition, and in the contrary Paffage continually 
diminifh'd. ps 

For fince it appears by what hath already been | 
demonftrated, that the Centripetal Force towards 
the Primary remov'd at a great Diftance, doth 
fometimes decreafe in a greater than the duplicate 
Proportion of the Diftance, fometimes in a lefs; 
and fince the Motion of the Satellite in an im- 
moveable Orbit, and with one certain Eccentrici- - 
ty, depends upon the Decreafe of the faid Force in 
the duplicate Proportion of the Diftance it felf; 
from the Change of this Proportion the Species 
of the Orbit muft neceffarily be changed. Thus, 
if the Centripetal Forces increafe or decreafe in 
more than ‘a reciprocal duplicate Proportion of 
the Diftance ; it is manifeft, that the Satellite in 
its Defcent from the higheft Apfis to the loweft, 
being perpetually impell'd towards the Center by 
the Acceffion of that new Force, will incline 
more to that Center , than it would have done i£ 
the Increafe of the Centripetal Force had been 
only in the duplicate Proportion of the Diftance 
diminifh'd ; and confequently will defcribe an 
Elliptic Orb inferiour to the former, and at the 
loweft Apfis approach néarer to the Center than it 
did in the higheft; and chus the Orb, by the Oc- 
cafion of this new Force, is made more Eccen- 
tric. And now, if in the Return of the Satellite 
from the loweft Apfis to the higheft, the faid Force 
fhould decreafe by the fame Degrees by which ic 
did before increafe, the Satellite would return to 
the former Diftance, keeping the Eccentricity 
lately -obtain’d ; whereas, if the faid Force doth 
decreafe in a greater Proportion than that in 
which it increas'd before’; ‘the Moon being in 
‘this Cafe lef attracted, will afcend unto an high- - 
| fol uu 3 ! er 
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er Diftance, and fo: the. Eccentricity will be fill 
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more increasd. Vorbis we 
, In like manner, if the Satellite in its Defcent 
from the higheft Apfis, be urged with & Force 
- which is increas'd by lefs than the duplicate Pro. 
portion of the Diftance diminifh'd ; it is manifeff, 
that it will defcribe an Elliptic Orb exterior to the 
former (than that, I. ean, where the Cen- 
tripetal Force was reciprocally as. the Square of 
the Diftance;) and coníequendy an Orb lef 
excentrical ; and that this Eccentricity ‘is {till 
more diminifhd, if in the Afcent the Gentripetal. 
Force decreafes lefs or more flowly than it had in». 
creafed before. If therefore the Proportion of 
the Increafe and Decreafe. of the Gentripetal. 
Force, be increasd in each Revolution; .the EJ 
centricity likewife will be increas'd ; and on. the 
contrary. it. will be diminifh'd , where che fame 
. Proportion decreafeth; Seeing therefore in every 
Revolution, that Force decreafeth in the Conjuns 
ction and Oppofition of the Satelles- ita. greatep. 
Proportion than that which is duplicate of. the. 
Diftance increasd ; and in the Quadratures of thé 

fame in a lefs, as is manifeft from what-hath been. 
already faid;; it appears, hac. about the Conjuns 
dion and Oppofition of the Satdles,the Eccentri-. 
city of the Orb defcrib’d.is, perpetually increas’d,. 

and diminifh’d about the Quadratures.' And ince: 
in many Revolutions; compar’d, amongftthem-. 
felves, there às the, greateít: Proportion: of De« 

creafe in: the, Conjunction, aid Oppofition. of the: 

Apfides , and the Jeaft in the Quadratures of the) 
centricity, of che Orbit is.when. the ‘Aipfides are jm 

the Conjunction and Oppofition; and thevleaft, 
when they are in the Qnadraturess and-confe+ 
quently that the Eccentricity is diminith’d: perpe 
tually 1n. the paffing of rhe, Apfides from.-the.Cori« : 
j Mig i af bs "E Mek e í q ee * x z bi junction 
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jun@ion ‘and *Oppofition. to the! Quadiatures of 
che Sung sand are perpetually 'ancreas'd in the 
pafing of the fame from the Quadratüres to the 
Conjanétíonand'Oppofition. | so 77 7 
tliGoróllazy. ence we may folve that Eecentrici- 
;of the Lunar Orbit which is divers, and daily 
changing, as being greater in the Móon's Con- 
junction and Oppofition, lef in the Qradratüres; 
and likewife-continnally increafing in tbe paffing — 
of the Apogeumfrom the ConjunGionand Oppofiti- — 
ontovwthe Quadracuresjoand in the contrary Cafe. 
continually decreafing?For in Aftronomical Tables 
ave find fo great a Diverfity affigned to this Eccet- — 
4ridicy,that the Diftance betwixt che Focus and the 
Genter of che Ellipfisdéfcrib'd by this Plaríet which 
we. call the Eccentricity of-che Orbit, is fomé-. 
times of. ee Parts, fometimes of 2379 
(1^7 "1000000 2000000 
only; füch Parts we mean that 1000000 are cori- 
raind in the mean Diftance of the Moon. So 
that the Difference of Eccentricities is found to 
'arife unto above half of the whole leaft Eccen- 


tricity. Bu" 
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XXXV CBSE the Satellite be revolv’d about 
"res Mae p e the Primary in an Orb, rhe 
CR I A dem n» Plane whereof is inclin’d to 
" E J«2 the Plane of the Primary, the 
suet NA PER wy et NixjdLLE 12532355 
De ome SES Line ofcheNodeswillbe moved 
with"2h Angulat Motion towards the antecedenc 
Signs » but with an unequal Velocity: Moft 
fwifly indeed whén the Nodes are in the Quadra- 
tires, ‘afterwards by Degiees more flowly , until 
Tus 1 uf. bum that 
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that be placed in the ConjunctiomandOppofitio#, 
and they wholly reft ; and thus being abaya 
ther Retrograde or Stationary in each Revolution: 
of the Satellite, they move back. As likewife in 
the fame Revolution they go back more {wiftly, | 
cateris paribus, when the Satellite is in the Co 1 
jundion and Oppofition, than when ic is in : 


Quadratures. 4 | in normal 
For: amongft the difturbing Forces, of which 
we have fpoken fo oft, the Force LM orm | 
which is parallel to S P or. Sp, that is always fi- | 
' -tuate in the Plane of the Orbit of the Satelles, | 
and can induce no Change of the Plane of the. 
Orbit. The other Force alío MS or mS, fitus. 
ate in the Plane of the Elliptic, when the Nodes 
are in the Coniuection and Oppofition , | willbe | 
alfo placed in the Plane of the Orbit , as being 
pofited at that time in the common Interfection 
of both Planes. But when the Nodes are not in 
the Conjunétion and Oppofition, this latter and | 
greater Force, which is always in the Plane of 
the Elliptic, will not be in the Plane of. 
the Orbit; and confequently will affe& the Mo-- 
tion of the Sarellize, as to Latitude, and make the | 
iine of Nodes to go back towards the antecedent | 
Signs, «For let the Nodes be fuppofed to be placed _ 
in the Quadratures, this latter Force, which al- | 
ways acts parallel to the Elliptic, will perpetually — 
draw back the Satelles whilft it is paffing the Nodes 
on either Side, and about to go forwards in its | 
own Orbit, from the fame Plane; fo that the | 
Place of the Interfe&ion which is to be next, 1 
‘will be at fome Diftance from the former Inter- 
fection, and towards the antecedent Signs. But 

| 


when the Nodes are betwixt the Conjunétion, and | 


Oppofition and rhe Quadratures, this latter Force | 
will fometimes move them towards the confequent 
Signs, fometimes towards the. antecedent ;. i 4 
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ill always in an entire. Revolytion of the Sa- 
‘Hes, by the Excefs of the fame Porte towards the 
ntecedent. Signs, carry them back towards that 
"art; From whence, inthe Cohjunction and Op- 
jofition of the Nodes, they will remain immove- 
ble; in their Quadratures, they will go back 
10ft fwiftly.; and partaking in the intermediate — 
laces of both Conditions, they. will go back 
aore flowly ; and confequently will always, in a 
ompleat Revolution, be carried back towards the 
ntecedent Signs, notwithftanding their being 
tetrograde and Stationary. in particular Places of 
he Period. But it.is to be noted, that when the 
rbit is placed without the Conjun&ion and Op- 
ofition, and Quadgatures,, whilft the Satel/ite'goes 
orward from the afcending Node to the defcend- 
ng, and, vice ver{a, the Nodes go back more flowly, 
o long as the Force MS or m S refpedts that Side 
of the Plane on which the Satellite is placed ; and 
ro forward fo long as that Force refpedts the op- 
»ofite Side. Thus the Line of Nodes, being pla- 
sed in an Octant of the-Sun, after its having been 
;laced in the Quadratures, or about R and r, the 
Satellite having pafsd the Plane of the Ecliptic 
rbout R, is then towards the Sun: but the di-. 
turbing Force from R to the Quadrature C, tends 
‘o the contrary Part by an Odant of a Circle; 
which Force vanifhing away in the Quadrature,the 
Force tending to the Sun takes the Place of it, and 
continues throughout the three reft of the O&antsz 
So that the Line of Nodes of the moyeable Orbit 
loth firft go forward alittle, chen goes back a little. 
more ; and fo likewife in the other:Semi-circle ; 
until the fame Line coming to theConjunétion and 
Oppofition, the Progrefs and Regrefs are ina man-) 
her equal; but both of them very fmall, and of ve- 
ry fhort Continuance, by reafon of the near Coin-. 
cidence of the Situation. of the Plane with the 
Dire&ion of the difturbing Force. But that the 
JEN Nodes 
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| ANodes iiptheifame Revoliütien'óf the Sur ijo. 
Sack ‘more fwifdy, : ceteris ‘paribus, awhen’ S a 
Xellite is in thé Conjunction and ‘Oppofitiont jn 
elfewheére, is ananifeft; by reifon the difturbing, 
Force'is greater in that "Place | ; “and conte üy 
will obtain à'greater Effect; ^ 42903. nr PE 

XXXVT. The fame: anasttenne fuppefed; the 
Anclination ór acute Angle of che- Phe ‘of ‘the 
Orb of the Satellite ‘to: the’ ‘Plane of the Ex pie 
às ;perpettálly' changed ; ^afid 1s "then "gredtefi 
when the Nodes ate in’ the: ‘Conjunction and Og- 
pofitión with the Sun ; (and the leaft; uereris ‘Darin 
bus, when they are-in the’ "Otiadratures aU di- 
minifh'd continuallv inthe Paffage of the Satell d 
from the Quadratures’ to the Conjundion nd n - 
pofition; and'increas'd continually from the Con: 
junction and Oppofition-to the Quadratüres. ES m 
whence? it^ comes, that the Satellice’ bei he 
Conjun&ion ‘and Oppofition’; aris Taclioadeh : 
che Planes becómes the’ leaft; and returns’ to. t 
former Magnitude neatly; When the Mooir cot 
fo the ‘next Node. -And*this Inclination of 
Planes is‘diminifh’d, whilft: tlie "Nodes à € carrie 
from the Conjun&tion and Oppofition to' he: OU 
dratures, ‘and becomes the leaft of ‘all, ceteris pa 
fibus, whet the Nodes! ‘are ‘in the Qua ratüres 
“then 4c indreafeth ‘bythe fame. Degrees whe - 
it had ‘decreas’d béforé; and the Nodes ‘being 
again t retürn'd to tlie Conjunction and: Jof 4 
it réturns to'the former/Magnitude. ‘If the i “4 
 Própofit tion’ be rightly underftood, this will’ CE: fo 
much’ require a particular Explication. For li eas 
 whilftthe/Body goes forward by the former Motion | 
from T. 'to"E;'1f an attra&ing Force, parallel to'the 
Line LM; do füpervene; which attraéts towards; M, 
and is xepreféfted by the LineL M, the Body w I 
gó forwards in che Diagorial LO, and'the zu 
of Inch MAT M PS will be lefs than M UA 
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former Angle of Inclination? Or thus, like as 
whilft:the Body goes forward ‘from :L to F by'its 
proper Motion, if'the like ‘attracting Force ipa- 
ralfel co the fame 12M fupervenes,' which ‘attracts 
the'contrary way;'/bit neverthelefs is reprefenced 
by an'equal Line; ‘the Body ‘will go ‘forward*in 
another. Diagonal, and the Angle willbe greater 
thanithe former. Angle: So it?muft happen in like 
manner in our prefent ‘Cafe, 7. e. that a divers 
Inclination of the Plane will follow ‘upon the 
Motion ‘of the Nodes.” "For when the/Nodes'are 
in «the Quadratures; that’ Motion of thém which 
perpetually draws back the Satellite from the Plane 
of its: Orb, diminifheth the ‘Inclination! of She - 
Plane,in the mean while that che Satellite paffeth 
from ‘the Quadratures ‘to the’ Conjunction and 
Oppófiion; and increafeth the fame in the 
contrary Tranfit;° from’ whence it comes, «that 
the Satellire being placed'in the Cofijunction and 
Oppofition ;' che ‘Inclination becomes: the leaft 
of all; and returns’to its former Quantity nearly 
in the Accefs of thé Moon to the next Node. 
Butif the Nodes‘be' found in'the Octarite next after 
their having beenoin thé Quadratures, that’ is, 
about P and p;1in'this Cafe, accorüing to what 
hath been faid alréady, ' the; Inclination of'the - 
plané?is perpetually diminifh'd ‘from either of 
the Nodes unto:the ‘goth "Degree from ‘thence ; 
then. it is increafed for the Space of 45 Degrees, 
or inthe Traniit: ühcothe next Quadratures-; and 
afterwards'again is diminifh’d for the other 45°; 
oruhto the next Node. ‘So the Inclination is dimi- 
nith’d more than iris increas’d ; and fo isalwayslefs — 
inthe fubfequent: Nodethan ih the foregoing. And 
by the like Reafoning, the Inckination is increafed — 
more than it is:diminifh’d;whentheNodes-ateinthe 
other Octants,or about R andr. "T herefore:thé Tn- 
clination is the-greatelt of-all;.when che Nodes are 
mob dtu n ] AX Aou in 
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inthe Conjun&ion and Oppofition. In their Tran 
fit from the Conjun&ion and Oppofition to the 
Quadratures, it is diminifh'd in the Accefs of the 
Satellite unto them ; and becomes the leaft of all 
when the Nodes are in the Quadratures , and the 
Satellite in the Conjun&ion and Oppofition; then 
it increafeth by the fame Degrees by which it had. 
decreas'd before ; and the Nodes coming to the 
next Conjunction and Oppofition, it returns to 
its former Magnitude. ..9. E. D, ite 
‘Corollary. Erom.this and the former Propofiti- 
on, we may folve the moft known Phenomena of 
the Moon; I mean the annual Regrefs of the Nodes 
confifting of about 19 3 Degrees, & that Mutability 
of the Inclination of the Orbit of this Planet, 
in which when the Nodes are in the Quadratures; 
the Angle of Inclination contains only 4°. $95. 
5$: But when they are in the-Syrigies, the fame 
Angle is found to arife to about ¢°%17'. 20". 
XXXVIIL All the Inequalities which are in 
the Motions of the Secondary Planets revolving: 
about their Primaries, are fomething greater in 
the Conjun&ion of the Satellite with the Sun) 
than they are in che Oppofition. EM 
For fince QS bears a greater Proportion: to: 
QA than QB bears to QS, by reafon that S Aj 
S.B, cateris paribus; are equal, and that QS. is. 
greater than. QA; the duplicate Proportion of 
QM to QS, will be greater ftill than the dupli-: 
cate Proportion of QS to Qm. And confes 
quently the Difference MS will be greater. chan: 
the Difference m$ ; and»L M greater than: 1 mo 
From whence the Effe&s derived from this Force;: 
will be greater than thofe which are derived from: 
the other. Q.E.D... - Lut b arb 
; But it-is to be noted , that the Diflance/of. the: 
Earth from the Sun is fo vaftly great, that the: 
Difference of the Forces about: the HE 
rer i : ot 
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£ the Moon with the Sun, and about the Oppo- 
tion of the fame, is very fmall, and hath fcarce 
een. diftinguifhed - yet by any Obfervations. 
‘som whence it is not to be wonder'd, that Aftro- 
igmers have taken no notice of this Diftinction. 
CXXXVHI.. The abfolute Force of the Sun in 
he difturbing the Secondary Planets, and the Et- 
e&s thereof in divers Diftances from the Sun; is 
mthe triplicate Proportion of thofe Diftances in- 


-Eor let the Diftatice of the Satellite from the 


xin be altered ;;let:the Radius of the Orbit: of 


he- Satellite be in the fame Proportion to the 


xher Radius. In this cafe, the Diftance of the: 
secondary from its Primary, wil be in a given: 
Proportion to its Diftance from: the Sun : From: 
whence, according to this Hypothefis, the abfo-: 


ute difturbing Force will be as the abfolute Force 


X the Sun, or in that duplicate Proportion. : 
Thus the thing would be, if the Radius of the | 
Secondary. Syftem had increas'd or decreas'd in. 
the fame Proportion ; as the Diftance of the Sun: 
increas'd or decreas'd; fo that they fhould {till : 


keep the fame Proportion to one another, as be-« 


fore.» But fince the Radius doth in no wife de- 
creafe by the Accefs of the Sun, or increafe by 


the Recefs thereof, that duplicate Proportion will : 
bé to be increas'd again by the other Proportion . 


of the Diftance of the Secondary from its Pri-. 


maty.: From-whence the entire compound Pro- : 


portion will be triplicate of the former. Q.E.D. 
“As for Example : Let the Sun be fupposd.as 


me 


near again to the-Earth, asit was before; oras$o 
to-100. -And let A B. the Diameter be equal to ^ 


two.Parts, the Quantity of the abfolute Force of ^ 
the: Sun at S in the leffer Diftance, will be Four- - 
fold of the Quantity. of the fame Force in the 


greater Diflance ; But the Force SM in the leffer 
Diftance, 
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Diftance, will ‘bevabout Eightfold of the: fame 
Force im the :greater Diftance;;; For 492649 
| Ser2gon;iand sox $0/— 25 060:/1From whenéé 
.2$00/—72401:--99. And:99 Xig9 — 9801 rand 
roo: X 100 —:i16000.. | From: whence ro000' ss 
98or.— 199. "Therefore the» Differerice- of “the 
abfolute Force: is almoft in: the double Proportion; 
er asir9gds to:99..- And the:meaniabfolute For 
| ees themfelves are in the Quadriple: Proportionj 
oras4toz. ‘Therefore the entire abfolute Force 
coinpourided of «them, is 4:212 Sto rk 1r, 
or in the reciprocal triplicate:-Proportion of E 
Diftance nearly. ; And fince!the apparent Diames 
teri of. therSuniscalmoft:in tlie triplicate Ptopom 
tion of the/Diftafice ,. andthe Forceof thé - 
trab Body. is'alfo nearly the fame ; ithe Sun’siBorcé 
whereby she» difturbs the Satellite; and the Effe 
of-it | willobés inithe dire&ivtriplicate: Proportion! 
ofthe Sun’s apparent Diameter very neatly. 70 
c Scholium: (2) »In the fame» manner "wherein 
the Sum placed: without the Orbitrofi the Secéondat 
ry Planet difturbs the Motion thereof ; ‘thenfiipedt 
_ -riorPlanets willidifturb the Motiomof thélowerg: 
and! Comets will difturb: thes Motion: of call the! 
Planets.» Andithe AGions:of Planetsiand:Gometes! 
upon other Planets; will. pródudezxhé like Effe&syo 
their Bodies;if compared with the Sun; and che vaftd 
Diítánces. «But fome Effects chere willbé [ yea} ofo 
the Actions alfo ofthe» infertor Planets: upon. then 
fuperiof | whichcf they: comiinies arid! be for ithe 
. moft!part directed: the fameway 9!willxat "length. 
become: fenfible.i “As for Exatiplei: The Apis? 
ofo;the: Orbic-ofc tlié. Earth will, 'after many” 
| Years3i0 bessinoved: | rowardsinthe =: confeqient’’ 
Signs, ;: although this: Motionanuft-néce flarily? belt 


very: {mall if Ícompar'd withthe: Motion of xhé 
wisi sds at Me 39191 30H wel psdan! ‘Apfidess 
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ipiideswof the: Moon «the fame; ways (Thus, in 
cd. hhe:Eccentricity ofi the, Orbit ef; che Barth, 
quit be fubje& to fome Mutatiog s which; .ne- 
erthelo(ss: is foofmall > chat.itican dearce;be-col- 
$&téd from, any Phxhomenon:) seidisflib 20 10 
Ageholism (2.) dnd: thus che; fuperior. Planets, 
gilli femfibly. ditutB thé: Motions of; one another, 
Ertheybbe: great onssi,! and tarry long. about their: 


hutnal: c: Helioceritridk: ; Cónjunction!; they. be= 
as them plácedi;a6: the ~Jéaft:,Diftance from, 
anothers: Thus, the LAGion Of Jupiter! up- 
ym thenSedondaries: Of Satkrng andsOl Sétunn:‘up> 
wuchafe of: Fapites che mutual Gravitation: of all. 
Planets One to:dnothér, which «wen have,.al-, 
éadypraved, being) fnppofed; is in qro-wife to be; 
lighted; iae what tim& theyarefeehízont the Sum; 
ini @onjundion.o Hort they aré :greas;; Bodies y) 
Ad far exceedihg biir Eartliiin Magnitudes; and» 
xe hearlveriougin “Ap that) time; to; mne.the EE 
(dao o their: difturbing, Forces beagmenfenfible. 
Amd(harthey are irideed -fenfible ito 2us,; will bes 
(Inswri-heréafcer-£fom! Aftrenomical Obfervations:, 
ISeholium (22): Is is, énfyotoreftimatet the divers; 
Qoantities:of the Sun's: difturbinigTEorce in the; 
Spite ofc fupiterband: that; of Satura, from the, 
Knlowit/ Quantity. ofthe fame: Force inthe Ano-» 
mabies(of ovr Mod&.:1Forifromithe known Pro-; 
portions:of the! Diftariceszob; the ‘Earth, and: Fas 
pitel: and, Saturo:fromethe Sump atid-thei known; 
Effc&s.of: the faid Force inthe Moor, by, a cer-í 
taitiiProportiomof: like Effects:on both |S$ides, ob} 
fervéd. by: Sir U/sacsNextoms the Effects, o£. chat; 
Force)» itithe Syftems of :Fupiter.and Saturn, may; 
betdereratin’d: witlrouo Much Difhiculey:; 0321 ,nüuc, 
‘SMO, :--AcProblem. : To find: the:Proportion., 
betwixt tlie! Forcé hereby theyMotion-of a S2-. 
telliseis: difturbed bby the: Sunj candeithe Fonte 
& where 


, 
. 


=e 


224 Mathematical Philofophy. 
whereby a Satellite is retained in irs own Orb. 
about its Primary, which is called its Gravitation. 
towards its Primary. 2010) 5 |ui sd SN 
For thé whole difturbing Force is compounded 
of the difturbing Forces; L M: or 1m, and. 8M. 
or Sm:zc^Arndd alfo ‘by: reafon of the ‘va 
‘Diftance of the Sun, the Line LQ ior) LQ 
is almoft parallel to the’ Line M Q ;, andy cons) 
fequently the Force LM. or Im is very hear'equal: 
to its mean: Quantity, et to:the Radius-of the; 
Satélles SP or/$ p: And likewife by reafon of che; 
Sun's vaft Diftance S M. or $m; or L P-and'l pj. 
are equal to treble the Line KP or k p. :/ From: 
wherncé, fince in the Triangle SK P:or Sk pj: 
which is Rectangular at Kor ky the Angle KSPR, 
or k Sp isthe'Diftance of the Satellite fromthe) 
Quadrature ? ánd the Side KP or kp is:theripght: 
Sine tothe Radius S P ; the diftarbing Force 5 Mc: 
or Sm will:be to the difturbing Force IL; M:or:1l m;: 
as is the Radius to the treble of: the Right Sine o£: 
the Diftance ‘of the Satellite from the next: Qia~) 
drature.’ “From whence, if the Proportion:of the: 
difturbing * Force SP or Sp’ to the Centripetal 
Force of the Primary, or to: the Force:of Gras) 
vity, were once known, the:difturbing. Force’ 
SM or Sm would eafily become known. ' "Which; 
. therefore we find out by this. Method.» The di-; 
 fturbing Force SP or Sp.is. to the Centripetal: 
Force of the Primary towards the Sun,’ as the; 
Line Sp or: Sp is to the Line. S Q; or as the Di-: 
ftance of! the Satelles from its Primary, is: to the. 
Diftance of the Sun from the fame Primary. But.’ 
the Centripetal Force of the Primary towards the? 
Sun, is to the Centripetal Force of the Seconda- 
ry towards its'Primary, as the Squares of ithe pé- — 
riodic Times drawn into che Radii of the Circles; 
er as $ Q istoSP or Sp; andas the Bec 
2 | ^— t$ 
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tlie periodic Times .together.)) From whence, by 
Equality of Proportion; the Quantity of the di- 
fturbing Force will be to. the Force of. Gravity 
(the former Proportion, of ; SP.or Sp to $ Q de- 
firoying the other. reciprocal Proportion of. $ Q 
fo SP or Sp,), as the. Squares of the, periodic 
Blues SolibinaO. bag noi? | adi 
. Coroll. . Since. therefore the . periodic Time of 
the: Moon is. 39343';. and; the: periodic Time. of 
the Earth about the Sun iis. 525969’ ;, the difturb- 
ing Force SP will be. to. the Force, of. Gravity 
towards; ithe Earth, .which).is,at the Moon, as 
$93.43 -% 39349 is tO! $24969^ »« $25969' 5 that is, 
15 1447871649 is to 2766435388961; or as 1 is to 
1782. .And .fince.the Force. SM or Sm in its 
zreateft..Quantity, or jin ithe Conjun&ion. and 
Oppofirion,,isxo the former Force. as.5 to. 1 ; the 
Force $M.or.S min, the Conjunction and Oppo- 
ition, -will, .be,co,the Force. of. Gravity as 3 is to 
17835, OF AB ais to 69:3) Therefore that difturb- 
ing. Force of. the, Sun SM or.Sm, is in the. Con- 
junction and Oppofition about a 6oth Part of the 
whole Force. of.Gravity in.the Moon towards the 
Batth.. Or rather the Force. S P-or. Sp being ta- 
cen away inthis Cafe from the Force $M or Sm, 
is may very;well be done, the whole difturbing 
Borce in. che,Gonjundion and Oppofition will be 
o; che: Force, of «Gravity as. z 4s to. 89:5, or a goth 
Part. of the. fame nearly. ..And jin. other Places, 
heForceiS.M.or S m will be to the Force of Gra- 
vity; (che; whole; Sine being ppt to. be equal to 
Unity) jag treble, the right Sine of the Diftance 
from. the, next-Quedrature is to 17835. . E. 
3 1XL. -If, many. fluid Bodies, either diftinct, or 
gathered together into one Fluid, be moved about 
4 primary Planet ; each Part of the Fluid in £^ 
performing its Motion about tbe Primary after the 
iat I>: ! manner 


+ 


. the Revolution being ‘compleated,it will recur 
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manner of a Satellite, will come nearer to the 
Primary, ceteris paribus, and be moved more fwift-- 
ly in the Conjun@ion ‘and Oppofition of the 
fame, and of the Primary, than in the Quadra: 
tures. And the Nodes’of this Ring, or its Inter. 
fections with the’ Plane of the Ecliptic, will reft | 
in the Conjun@ion and Oppofition. . But out 
of Conjun@ion and’ Oppofition, they will be. 
carried towards the antecedent Signs ; and this. 
moft fwiftly in the Quadratures, more flowly in. 
other Places. The Thclination of the Ring alfo: 
will be varied; and the Axis thereof will be mo= 
ved to and fro in each monthly Révolution ; and 


to that Pofition which it had-before ; fo far as itis. 
not carried about by the Preceffion’ of the Nodes 
All thefe things/do follow of theirfown accord, 
from what hath beer already demonftrated » and 
fo do not require a peculiar Demoriftration.. 0 
"^" Gorollary. From hence fome of the Phenomena 
ofthe Ring of Saturn, if fo beirbs a Fluid, may 
éafily be underftood.' Yea, indeed, iit be folid; 
the ‘Nodes of thé fame; its Interfe@ions I mean 
with the Ecliptic,' witPreft in their™Cénjunaion 
and Oppofition; when the ‘Sun’ is! found in the 
Plane of the Ring, as well as in chat’of the Eclip= 
üc. But out-of thé Conjun&ion and Oppofition 
they will go back, “and: this moft ‘{wiftly in the 

Quadratures, and more flowly in ochér Places, 
The Inclination of the Ring will alfo-be varied; 
and the Axis thereof in each Revolution about 
the Sun will nod, and twice vary its‘Taclination 
towards the Ecliptic , and twice retürní to its for- 
mer Pofition, only it will be carried ábout by the 
Preceffion of the Nodes, as is manifeft from 
what has been already faid. | oY USS 


XLI. If 
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XLI. If a Fluid be contain’d in a Gitstnel 
form’d án the Surface of any: Planet, Primary: ot 
Secondary, and be uniformly revolved’ together 
with the Planet with a diurnal periodic Motion: 
each Part of this Fluid | will be-accelerated and 
retarded by turhs, in irs Conjun@ion and Oppo- 
fiion; or at Noon- day and Midnight, will be 
fwifter; in the: Quadratures , or at the 6th Hour 
Evening and Morning; it will be flower than the - 
oi a WA Surface of the Globe. ; and thus ic will 
flow in'the:Channel,and return back by turns per- 
petially.) For the Fluid will be difturbed by the 
unequal Attradion of ithe Sun, becaufe the At- 
traction of ‘the’ nearer: Parts. will ‘be: greater , 
and that of: Parts more remote lefs? while 
the. Force I:;M or lm: will draw the- Fluid 
down in ‘the Quadraturés;-orat the 6th Hour in 
the Evening and Morning; and make that the 
Parts of it, which ‘are placed there, fhould des 
Ícend unto the Cdnjuniction and Oppofition, or 
unto the: Nootr and Midnight ; and ‘thé! Force 
S M and: Smowill draw’ the fme upwards in che 
Conjundiomand Bu: deii or ftop thé Defcent 
of it, arid caufe.it toa cend'unto the oo j 
and thus perpetually.) ^: ov 
;Corell;:enice we learn: mites caido of. the Flux 
and Reflux ofoche:Sed;5!I£ awe allow: theidifturb- 
ing Pofce: ofthe» Moon) asi well’as of the - 
Son, and: dulysapply what hath’ been alreadly:de- 
monftrated tó ithe prefeht Cafe; ^ But:this fo-well: 
knowhr*hd ftupendious Phenomenon of Nature, 
will come to:be treated of afterwards more Jange-. 
ly and-diffin&ly-; to i Mp Place nite re Were: 
fer oüp;Readetio 0 00 niet nobonion ole f 
“i 10 horoM fi515219 eda nsi! | óleo 
rige: irr. oif ni jus E prs Per onda: 
boA west! (Ur MISA 9159 T8 Soy bee 
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3 XLU Bee Yet a Solid Ring be’ put about 4 
Globe perfectly fpherical at the | 
C" 1 € Equator of the fame, and ftick 
nm $2 to it; there will indeed, be.no- 
*4/* Motion of Flux and. Reflux; 
- but the vibrating Motion of Inclination, and the 
Preceffion of the Nodes, will remain. Let the 
Globe have the fame Axis with the. Ring, and. 
compleat its Revolution.in the fame time; and 
with its Surface touch the Ring inwardly, and 
cleave to it; by its participating of the Motion 
thereof, the whole Frame will vibrate to and fro; 
and, thé- Nodes. will go back. For the Globe, as 
abové fhew’h, is indifferent to-receive-all Impref- 
fions;: ‘The greateft Angle,of Inclination of the 
Ring without che Globe,would be where the Nodes 
are an the Conjunáion'and Oppofition. iin their 
Progrefs from thence to the Quadratures, the. 
Ring endeavours to:diminifh its Inclination, and 
by that Endeavour impreffeth its Motion upon the. 
whole Globe. The Globé.retains;the Motion. 
imprefs'd:y!until that. the: Ring’ by acontrary En- 
deavour takes away.this Motion, and impreffes a; 
new Motion upon. the.contrary:Part: nd thus! 
the greateft Motion of.tbe decreafing Inclination: 
is in the Quadratures fi the Nodes, andthe leaft: 
- Angle of Inclination is in the Octanits-after the: 
Quadratures. Then the greateft Motion of In- 
clination is in the Conjun&ion and Qppofition, 
and the greateft Angle in the next Octants. And 


| 


the. 
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the Cafe isthe fame with a Globe with- 
out a Ring, which either is fomething 
higher in the Parts about the Equator than about 
he Poles, or confifts of. a more denfe Matter. 
For that Excefs of Matter in the Parts about the 
Equator fupplies the Place of the Ring. 

Coroll. (1.) For the fame Reafon that the re- 
lundant Matter of the Globe caufes the Nodes to 
back, and confequently by the Increafe there- 
of caufeth the Regrefs to increafe, and by the 
Diminution thereof that the fame Regrefs fhould 
be diminifhed, and by its being taken away that - 
the Regrefs fhould ceafe ; it will come to país, 
that if more than the redundant Matter be taken 
away, or, which comes to the fame, if the Globe 
be more deprefs'd, or of a rarer Subftance towards 
the Equator than towards the Poles, the Motion 
of the Nodes will be forward, or towards the 

confequent Signs. | : 
Coroll. (2.) Hence alfo, from the Motion of 
Nodes, the Conftitution of a Globe may be ga- 
thered: Towit, if the Globe conftantly keep the 
(ame Poles, and the Motion be towards the ante- 
cedent Signs, the Matter about the Equator is ré-: 
dundant, but if towards confequent ones, defici- 
ent. Letus fuppofe a Globe uniform, and per- 
fe&ly fpherical, firft to reft in a free Space, and 
then by fome Force, whatever it be, imprefs'd: 
on the Surface, to be driven forwards, and from: 
thence to acquire a Motion partly circular, parts: 
ly ftreight forward. Becaufe the Globe is indifz: 
ferent to all Axes paffing through its Center, and: 
is no more determin'd to one Axis, or one Situa- | 
tion of che Axis than to another; it is manifeft, 
that it will never change its Axis, or the Inclina- 
tion of the fame, by any Force of itsown. Now, 
let the Globe be impell'd obliquely in that fame: 
bshbas E OE Part 
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Part of the Surface, as before by fome’ new Im: 
pulfe ; fince the Impulfe, whether it:be fooner or | 
later, makes no Alteration in the Effect ; it is! 
manifeft, thar thefe two Motions imprefs'd fuc- 
ceffively, will produce: the fame Motion, as if! 
they had been imprefs'd at the fame time; thatis, | 
the fame as if the Globe had been impell'd at firft | 
with a fimple Force compounded of both Impul- | 
fes ; and confequently a fimple Motion about an | 
Axis of 2 given Inclination. | And the fame is the | 
Reafon of the Second Impulfe made in any other | 
‘Place of cheEquator of the firftMotion,as of the firft | 
Impuife made in any Place whatever in the Equator | 
of that Motion,which the fecond Impulfe without | 
the firft. would produce ; and confequently of Im: | 
pulfes made upon any: Places whatever. - Thefe 
will: generate che fame circular Motion, as if they | 
had been imprefs'd at one and the fame time up? 
on the Place of the Interfection of the Equators | 
of thofe Motions, which they had feverally gene- | 
rated; if they had been imprefs'd afunder. Thé | 
Homogeneous and perfe& Globe therefore doth | 
not retain more diftin& Motions; but compounds! 
all the imprefs d' ones, and reduceth them to one; | 
and isin. itfelf perpetually revolv'd , by a fimple | 
and uniform Motion; about a fingle Axis of a 
given. Inclination, as being always invariable, | 
Nor can a Centripetal Force, tending towards: 
any extrinfick Body whatever, change the Incli- | 
nation of the Axis, or'Velocity of the Rotation. | 
If!'a Globe be underftood to be divided into twa) 
Hemifpheres by any Plane whatever paffing | 
through its Center, and through the Center unto’ | 
whichithe Force is directed, that Force will al- | 
ways urge both Hemifpheres equally, ‘and fo the’ | 
Globe, as to the Motion of Circumrotation, will: | 
incline- to: neither Part: But let new Matter be! | 
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added fomewhere betwixt the Pole and the Equa- 
tor, heaped up in the Form. of a Mountain: 
This will both difturb the Motion of the Globe 
by the perpetual Endeavour of: departing from the 
Genter of its Motion, and will make the Poles to 
wander over its Surface, and to defcribe Circles 
about it felf, and its oppofite Point. Nor will 
that Irregularity be corrected, but either by pla- 
cing the faid Mountain in one of the Poles, in 
which Cafe, as was faid before, the Nodes will go 
forwards ; or in the Equator, and then the Nodes 
will go back; or by adding fome new Matter on 
the other Part of the Axis to counterpoife the 
Mountain in its Motion. And thus che Nodes 
will go forwards or backwards, as the Mountain ; - 
and the new Matter added on the oppofite Part, 
are nearer to the Pole, or to the Equator. 

Coroll. (3.) Since therefore it is manifeft from 
Aftronomical Obfervations, that the Nodes of the 
Equator of the Earth do perpetually go back 
about go" in every Year ; which Regrefs is called 
the Preceffion of the Equinox; it follows, that 
the Equatoreal Parts of the Earth are higher than 
the Polar. And, vice versd, fince from she Di- 
urnal Motion the Figure of the Earth is, as will 
be fhew’d afterwards, that of an oblate Spheroid, 
(the Polar Parts being more deprefs'd than thofe 
about the Equator ;) it is manifeft from thence , 
that the Nodes of the Equator muft go back 
yearly: | 

-Coroll. (4.) From what hath been faid, it is 
alfo manifeft, that the Axis of the Earth will vi- 
brate to and fro yearly ; and in every annual Re- 
volution be inclin'd twice towards the Equator, 
and twice return to the former Pofition. It is ma- 
nifeft alfo, that the greateft Motion of the de- 
creafing Inclination PO Planeof the Equator, 

Ref A | and 
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and of the Ecliptic, doth happen in the Quadra- | 


tures of the Nodes; and that the leaft Angle of | 
Inclination falls in che Octants after the Quadra- 


: 
tures, or about the Middle of Leo or qa 
| 


Laftly, that the greateft Motion of Inclination 


falls in the Conjunction and Oppofition of the 
Nodes, or in the Equinoxes; and the greateft 


| 
Angle of Inclination in the next O@ants, or. 
about the Middle of Taurus or Scorpio. But by reas | 
fon of the Smalnefs of thefe Motions, thefe 


Effects will be altogether infenfible ; and to be 
difcoverd by no Obfervations of Aftronomers. 
But it is to be noted, that contrary Effe&s were 
to be attributed to our Earth, if forbe the Parts | 
about che Equator were more deprefs'd than the | 


Polar. . 


Coroll. ($.) And>from hence the Evafion de-- 
vifed by the Famous Dr. Gregory, to (hew that the 
annual Parallax of the Fixed Stars is built upon à - 
— weak Foundation, and that neither the Diftance 
of the Fixed Stars, which are obferved, nor the 
annual Motion of the Earth, can be certainly 
concluded from thence; this Evafion, I fay, falls. 


to the Ground. Let us produce in this place 
the Words of Dr. Gregory, and {pare fo much time 
s to debate this Matter with him particularly. 


Mr. Flemfteed’s Method of obferving the Pa-- 
rallax of the Fixed Stars, hath been explain'd by . 


usin our Aftronomical Le&ures, to which I re- 
fer you. Now, from this Method rightly under- 


ftood, it is manifeft, chat the Polar Star, for In- — 


ftance, is more diftant from the Pole about: the 
Summer, than about the: Winter Solftice; and) 
this by a very fenfible Difference, as being a-. 


bout 40" or 45". From whence Mr. Flamjtecd 
eoncludes, that che Earth muft certainly bemovd — 
goons.ehie Sun jeandithanthenp ined: Sar Fa NM 


ject 


~ 
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e& to a Parallax fenfible enough, and that their 
Diftances confequently may be gathered from 
hence. Now, what doth Dr. Gregory fay to chis? 
Doth he deny the Obfervation it felf? No, in no 
wife. Doth he affign for the Canfe of the faid - 
Difference of Diftance, that very {mall Nutation 
of the Axis of the Earth, by which he fuppofeth, 
with Mr. Flam/feed, that the Inclination of thé 
Ecliptic to the Equator is leffen'd about the Sol- 
ftices, and increas'd about the Equinoxes? No, - 
not this neither. For Mr. FlamSteed had fhew'd, 
that that very {mall Nutation doth rather confirm 
than weaken his. Opinion. What: therefore 
heattributes the faid Phenomenon to, as its Caufe, 
let us hear his own Words, Page 275. ‘* This 
* Method, faith he, fuppofeth the Axis of the 
** Earth to be always moft exa&ly parallel to it 
* felf, when it is in the oppofite Points of its 
** own Orbit, where the Obfervations are made. 
[And why fhould it nor fuppofe this, or that it is 
parallel to it felf exa&ly enough for the prefent 
Purpofe ? But he goes on:] “ Although that 
© {mall Nutation of the Axis, of which we {poke 
* luft now, doth in no wife hinder Mr. Flamfteed’s 
Obfervation ; yet there is another Nutation of’ 
it, which may produce the Diverfity of the 
* Di(tance of the Polar Star from the Pole; that. 
“Cis, if the Sowtbergy Hemifphere of the Earth 
* be of a more denfe Frame than the Northern 
** ( whether it be from hence that that hath lefs 
' Summer than this, and therefore more cold; 
* or from the Inequality of the Continents about: 
the Poles, or from fome other-Caufe unknown 
to us,) fince at the, Winter Solftice, the Soz- 
‘ thern Pole inclines to the Sun, and is withal 
nearer to it than the Northern, and in the Sum- 
mer Solftice this latter inclines to the Sun ; the 

pM ^ | & Axis 


«c 


% the Summer; and the pero ence) the A 


- the Polar Star, in divers Situations of the 


of the Obfervations be parallel to it felf in 


* cannot be certainly concluded from that Obfer- 


1 « infinitely diftant may remain parallel ; tho’ che. 


* Star is diftant from the Pole, would be lefs b 


the Magnus Orbi were to be reckoned for pa- 
rallel. Since therefore the whole that can be 
made of Mr. Flamfteed’s Obfervation is this, 
that the apparent angular Diftance of the Po 
lar Star from the Pole, is lefs in the Simmer 
* Solftice than in the. Winter ; and this may) 
toi from two Caufes, either from the Cone 
courfe of right Lines drawn from the Earth to 


Earth to that Star, if the Earth’s Axis in one 


another, which Mr. Flam/teed fuppofeth ; or 
from the Concourfe of right Lines coinciding: 
with the Axis of che Earth in its divers Situaz 
tions , the Polar Star being fuppos’d to be infi- 
nitely diftant; the Parallax of the Fixed Stars. 


vation. Becaufe the whole Obfervation may 
confift, and the right Lines drawn from divers. 
Places of the Earth in its Orbitto the Pole Star | 


‘ Parallax of the great Orb, with refpe&t to that. 
Star, be fuppos'd to be none atall. Yea, this. | 
Obfctvatiori (faith he ) doth not fo much as 
prove immediately the annual Motion of he 
Earth. » For although the Earth remains in the 


middle ( making by: its Rotation about its Axis, | 


as in the Semi-Tychonic'Syftem, the apparent — 


Diurnal Motion of the Stars,)the Sun when pla-. | 
t. cedin theSoutbernSigns: may foattra& theSouthern — 
| Hemife | 


- 
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"Hemifphere of the Earth, which is then nearer, - 
and is perhaps more denfe, that the Diftance 
of the Polar Star from the Pole at the Time of 
the Winter Solftice, fhould be lefs than the 
' fame Diftance is when the Sun is placed in the 
"Northern Signs, where it is more remote from 
! the Hemifphere that is then turned to it; from 
' which and the lefs Denfity of the fame Hemif- 
phere, which is pertiaps conjoin'd therewith, 
it is no wonder thát this Hemifphere fhould be. 
! lefs attracted. "hus Dr. Gregory, who devifeth 
he like Evafions for the reft of the Obfervations 
Y Mr. Fam[eed and Dr. Hook on this Subje&. 
But I anfwer, | 
L(x.) That, as to the affigned Caufes of the 
Nutation of the Earth, the lefs Summer, to wit, 
yf the Southern Hemifphere, and greater Cold, or 
ihe Inequality of the Continents about the Poles ; 
f this Learned Man would derive that Denfity of 
the Southern Hemifphere above the Northern from 
thefe Caufes, which may fuffice to the moving of 
the Earth fo many Seconds from its former Pofiti- 
on ; he might as well go about to move Mount 
Caucafus from its Place with a Leaver. I do ad- 
mire at his Ungeometricalnefs in this Bufinefs, 
that he would not firft eftimate in fome fort the 
Force and Quantity of thefe Caufes, before he 
attributed fo huge Effe&s to them. Bat bis Pru- 
dence is to be commended, that he added, or from [ome 
other Caufe unknown to us: For he knew very 
well, that an unknown Caufe cannot be compu- 
ted. But in the mean while I will fpeak freely 
and openly, that there can be no Caufe affign'd 
‘of this divers Denfity of the Hemifpheres of the 
‘Earth, which he füppofes, but what is contrary 
to the Mechanical Formation of the Planets, and 
the modern Phenomena of Nature. For, 
Eo S SUN CE (2) M 
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(2.) If one Hemifphere of the Earth was a little: 
higher or denfer than the other, that Nutation of 
the Earth which he hath devifed, would in no 
wife follow from thence. For in this Cafe, the 
Axis of the Globe would nodd indeed, but fo 
that the Angle of the Inclination would twice in 
a Year return to its wreateft, and twice to its 
leaft Quantity ; and this fo that that Angle would. 
be of the fame Quantity in both the Solftices, 
which plainly undermines the Foundations of his. 
Hy pothefis. | i "ox | | 
.. (3.9 From this unequal Altitude or Denfity of. 
the Hemifpheres of the Earth, if fo be it ex- 
ceeds the Altitude or Denfity of the Equator, 
the Progrefs of the Equinoxes would follow :: 
Whereas it is a ching certain, and acknowledg'd: 
by Mr. Gregory himfelf, and every one, that they 
continually go backwards, and not forwards. But if. 
he affign the Inequality to be fuch only, as not.to- 
infringe the,greater Altitude or Denfity of the 
Equator ; fo that fo much as the Parts about one 
Pole do exceed the Equatoreal Parts in Altitude, 
fo much the Parts about the other Pole fall fhort. 
thereof: Neither will this be any Help to his. 
Caufe. For becaufe of the Defe& of Force in 
one Hemifphere , which compenfates the Excefs 
in the other; the Forces on both Sides will be in 
a poize, and there will be no entire Force which 
fhould move the Axis, and caufe any Nutation.. 
So that neither from that unequal Altitude or 
Denfity fuppos'd, will his fuppofed Nutation of 
the Axis in any wife follow. : | EC 
(4) If we fhould, for Difputation’s Sake, fup- 
pofe that Nutation of the Axis, neither yet. 
would this Learned Man attain his Aim. . For he 
fuppofeth fuch a Nutation, as would reduce the. 
Axis in one of the Solftices unto the leaft Angle 
0 
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Inclination , and unto the greateft in the 
ther. Now from the Principles of Sir I/aac New- 
on before laid down, which are Dr. Gregory’s 
"inciples likewife , ic would follow, that the 
weateft Angle of Inclination of the Axis will be 
5 the O&ants after the Conjun@ion and Oppofi- 
ion of the Nodes, and the leaft in che Octants 
fter the Quadratures of the fame; fo that as we 
aid. before, in both the Solftices themfelves, | 
vhich are in the Middle betwixt the greateft and 
eaft Angle, no.Diverfity at all of the Angle of 
Inclination is to be expected. | From whence alío; 
which is to: be noted by the way, both Mr. Flam- 
toed himfelf, and Dr. Gregory who follows him} 
are altogether miftaken, when they fuppofe that 
Nutation of the Axis, to which the Preceffion of 


the Equinoxes is owing , can have any place 
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so.) Tf, laftly,: we fhould be minded to fuppofe 
the; Nutàtion of thé! Axis; to be in the Time, 
1nd. tothe Parts affign'd by Dr. Gregory ; the 
Quantity of Inclination would be far lefs than 
to produce Mr.:Flamfteed's Parallax... Let us 
grant to him, that the Axis of the Earth doth vi- 
brate to and fro every. Year; let us; grant alfo; 
that in-one.of che Equinoxes this Nitation is:tó: 
the-one’Part, and. inthe: other Equinox tó the: 
contrary ; fo that the greateft Difference poflible 
fhould:arife; from: thence. Yet, how very {mall: 
will this Difference be: To wit, according to the: 
Calculation we made formerly , ( fee Led. Aftron. 
Page  .) it is manifeft, that chis huge Nutation - 
which arifeth from the fenfible Alctude of about 
17 Miles, whereby the Semi-diameter of the 
Equator exceeds half the Axis, did only amount - 
to a Part of one Second. What therefore is this 
Minute Difference to the Parallax, which arifeth 
to 
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to three whole Quarters of one Minute? Thi 
Caufe therefore is in no wife fufficient to thai 
Effect. To conclude, it is moft certain that 
this Evafion of Dr. Gregory’s, whereby he would 
~fhew that the annual Motion of the Earth doth 
not follow upon Mr. Flamfteed’s Obfervations, is 
no fmall Error of his, and leaves a blemifh upon 
a Work otherwife valuable for Demonftrations 
ftri&ly geometrical, a Beauty not to be met with: 
often elfewhere in Phyfical. Tra@s. Os IR 
> Scholium. But it is to be noted, that the Famous 
Mr. Flamffeed hath not ordered his Reafonings al- 
together rightly. in this Place, which the French 
have lately noted ; and hath fometimes deduced 
the Parallax of the Fixed Stars from Phenomena! 
in no wife proving it. But yet when I looked, 
more narrowly into this Matter, Eleven -of! 
Fifteen remarkable Obfervations , which.cthd 
French allow to be true, and:agreeing with their. 
own, do even yet fhew the Parallax of the Fixed. 
Stars; and of thofe Four that feem to difagree | 
with it, there is only one: of that Quantity:as to 
give us any. Trouble in thisBafinefs; whichtheres 
fore it is reafonable to think to be owing to fome 
Miftake,. whether in the obferving or in the wri- | 
ting. Efpecially fince the like Parallax feems ma- 
nifeftly to: appear from the: accurate Obfervati-: 
ons of Dr. Hook. But thefe "Things we leave. co 
the further Diligence and ‘Scrutiny’ of Aftrono-!: 
mers. j 228 S337 ZH Uae 
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LI Be sr each partidular;Body-of any 
ips .Syftem, assA-and-B feverally 
«9 1 e confidered;; draws- all. the. reft 
2 of: the: Bodies» wich -accelera- 
iby 8599 7** dye Forces, which are. as the 
quares of thé Diftances from the atcracting Bo- 
ly reciprocally, the abfolute {Forces of all.thofe 
Bodies willibe one>to. another as;are the Bodies 
hemfelves. ^ [8 i V T9v9terdiw. miüibsM 
Pet the Body A, iby. its accélerating Force re- 
srefented by aj draw: the Body B 3 and, becaufe 
f the Diftanceiwhich is on. both Sides the fame, 
ét B. reciprocallyidraw A. by the: Force reprefent- 
:d'by b. 4 "Thé: Quantity of Motion, is,on both 
Sides equal,:’bédauddsof the. Reaction: that is on 
boch Sides équall ta the A &ionc:: And. that. Quan; 
ity’ of Motion doth altogether. arife,from the; Ve- 
locity drawmamtorthe: Quantity: of the Matter. 
Therefore the Rectangle: Ax; bsds equal to.the, 
Re&ángle BiXaco And confequenrly the acceley |. 
rating Force of the Body B will bé.to that,of the 
Body. A; atv equaliDiftances;: as tha Body B.is to 
Ay ‘And confequenitly the abfolute!Forces of the 
Bodies willibecone to another, , as. the Badies 
themfelves::Torwit, the Sum of ‘equal Fore . 
ééfiding everywhere unto! equal Parts, at, equal 
Diftances.. aD: Bidihul gesibod jrsiiarice ;3510d 
boStboliam. By fich like Propofitions, we are led 
ulitó'the Analogy betwixt Centripetal Forces and 
Central-Bodies,: to which thofe Forcesare direct- 
‘eds For it is reafonable to think, that the tape 
| | whic 
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are directed towards Bodies, fhould depend upon 
the Nature and Quantity of thofe Bodies, asd 
comes to pafs in Magnetics. And as often a; 
thefe Cafes happen,.the Attra&ions of Bodies are 
to be eftimated by affigning to each Part of cil 
its proper Force, and fo gathering the Forces into 
one total Sum; But. as ‘for the Word Attraction, 
we üfé ic hefe generally for any Endeavour what- 
foever of coming unto another, which is found 
in' Bodies ; whether*that Endeavour be from the 
Aion of Bodies, either of themfelves tending 
to ofie another, or'by mutual Emiffion of Spirits 
acting one upon the other; ^or whether it arife 
from the A@ion of the Ether; or /Air;. or any 
Medium whatever, corporeal or incorporeal, 
which forces the Bodies floating’ in it towards one 
another.» In the fame general Senfe; we ufeithe 
Word Impulfe;: not‘confidering »in:-this place the 
phyfical Species arid Qualitiesiof, the. Forces, jbut 
their Mathematical Quantities and Proportions 5 
as we proposd ‘above in the Definitions... In. 
which Confideration of thems the Quantities of 
thé Forces are to be fearched out anddefin’d,, and, 
thofé Proportions which follow:upon any: Condis 
tions whatever that are fuppos'd: Bat when we.de- 
fcend unto Phyfics, thefe Proportions ate: to: be 
compared’ with the’ Phenomena, that it may: be 
known what Kind'of Force itis; which agrees «a 
. each Kind of attra&ive Bodies;»:.And then we 
may at length, and not till then; ‘fafely difpure 
concerning the Species," Caufes, and. phyficak 
Reafons of: Forces. - Let us fee therefore by what 
Forces Spherical Bodies, fuch ds are commonly 
the greater Bodies‘of the Worldj! the Sun, Fixed: 
Stars, Planets, and Comets, confifting’ of | attras 
&ive Particles in the manner juft now defign'd; 
é$210 f (i) oneldanoles: ei 3i eRe 
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;»ughit to act one upon another ; and what Sort of 
Motions will follow from thence. 

XLIV. If towards each equal Points of a Sphe- 
ical Phyfical Surface of equal Thicknefs every 
vhere, but which Thicknefs is fo {mall that it is 
iot to be regardrd , there be a Tendency of equal 
Sentripetal Forces decreafing in the duplicate 
'roportion of the Diftances from the fame Points 5 
ny.Corpufcle placed any where within this Sur- 
ace, will not be attracted unto any, Part by the 
aid Force; but will either reft, or continue that 
Motion which is begun without any Difturbance, 
nd in the fame manner as if, it were aded upon 
vith.no.Eorce at.all from. that Surface. 

In, Fig. 5.) Plate 6. let HAKL.be that fpheri- 
al Surface, and P a: Corpüfcle:placed within it. 
Through P let there be:drawn to.the Surface any 
wo right Lines; intercepting-:the very {mall 
uwches HK, IL. And: here becaufe the 
l'riangles HPT, LP K are fimilar [ for the Ar- 
hes:H.I and K L are! fo fmall, that they are to 
e taken.for right Lines ; and the. Angles verti- 
ally oppofite at P are equal; and the Sides con- 
aining their. equalA ngles are (by III. 35. with VI, 
4::and VI.;6. of the, Elem.) on. both Sides propor- 
ional therefore thofe Arches will.be pro ortional 
o the Diftances HP. and; E P. ; that. is, P.H. will be 
o PL,orPItoPK;asIH isto KL. And 
ny little Portions of the fpherical Surface at HE 
nd. K L;.bounded on every, Side by innumerable 
ight Lines paffing through:the Point DP, whether 
hey be Polygons or Circular, will be fimilar Fi- 
“ures, and confequently in the duplicate Propor- 
ion.of thofe Arches or Diftances from the Cor- 
yufcle:..-Aind the whole attracting Forces towards 
he contrary Parts will, by reafon, of the nearer 
situation of the leffer Surface, AUR ee 
m VIX. R itü- 
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Situation of the greater, counterpoife and de. 
ftroy each other. And by the fame Argument, 
all Attractions throughout the whole Surface will 
be deftroy'd by the contrary Attractions. And 
confequently the Body P will be impell'd to no 
Part by thefe Attractions. 9. E. D. 4 
-Coroll. (1.) Since therefore any Sphere, which 
hath a Concave, Concenttic, Spheric Space with- 
in, may rightly be diftinguifhed into innumerable 
fuch like {pherical Surfaces of an inconfiderable 
Craffitude; and fince from the Force of this 
Demonftration, no one of thefe Surfaces can at- 
trac' a Body placed within it unto any Part: It 
is manifeft, that the whole Sphere can imprefs nó 
Force upon the Corpufcle within it; But that 
this Corpufcle, if it was in Reft before, will ftill 
reft; or if it was in Motion before, of what fort 
foever it were, it will ftill continue that Motion; 
any Attraéion which may be in the exterior 
Sphere notwithftanding. * 
Coroll. (2.) And fince this thing may with Pa- 
rity of Reafon be demonftrated concerning any 
Corpufcles whatever, compounding what Body 
or Mafs of Matter foever; it appears, that all 
Bodies whatever, placed within fuch a Concave 
Sphere, are uncapable of receiving any Imprefit- 
on from any attractive Forcé of that Sphere. | 
" Ciroll. (3.) If therefore our Earth,as made of fuch 
Spherical Surfaces compos'd of attractive Particles, 
hath a Spherical Central Cavity, Animals placed 
there are affected with no Force of Gravity 
from thofe Surfaces, and perform their Mo- 
tions with the fame Liberty, as they would dc 
if there was no fuch thing’ as Gravity in Nature 
And the fame is to be faid of the Planets and 
Comets, and of the Sun, and the Fixed Stars. 


XLV. Th 


: 


: i 
| M ; 

| Mathematical. Pbilofophby. 2423 
- XLV. The fame Things fuppos’d as before, a 
Corpufcle placed without the fpherical Surface 
will be attracted to the Center of the Sphere by a 
Force reciprocally proportional to the Diftance 
from the fame Center. , : 

In the double Fig. 6. Plate 6. let there be two 
equal Surfaces, (or rather the fame Surface put 
-wice) one Mark’d with great Letters, the other 
with fmall, AHK B, ahkb defcribd from the 
Centers S, s with equal Diameters AB, ab; and 
let P p be two Corpufcles, Cor rather one and 
the. fame Corpufcle placed at divers Diftances 
from the fpherical Surface; ) ;placed without 
in the Continuation of thofe Diameters. 
Let the right Lines P.H K, PII: phk, 
pii be drawn from the Corpufcles, cutting 
off from the greateft Circles.A 'T B, atb equal 
Arches, HK, hk: and I TI, ici differing, the 
latter from the former, as little as may be, And 
let, che Perpendiculars SD,s d be let fall to PK,pk: 
and SE, seto PI, pi; and ER, ir to PK, pk. 
Of which, let SD, sd cut PI, pi in the Points 
Fand F. Letthere be let fall alfo co che Diame- 
ters the perpendicular Lines I Q, iq; and becaufe | 
of the Equality of the Lines DS, and ds; E S, 
and es; and of the moft {mall vanifhing Angles 
DPE, dpe; the Lines PE, PF, and pe, pf 
(the Difference FE, fe, and the lictle Lines 
DF, df vanifhing) may. be accounted for equal ; 
as having their’ laft Proportion, thofe Angles 
DPE, dpe,and DS E,dse vanifhing away, the 
Proportion of Equality. Thefe Things being 
thus , in the like Triangles PRI, PDF, and 
pri, pdf, PE-will be to PF, asR Iisto DF; 
and pf will beto pi, as DF ordf istori: And 
both the equal Proportions being compounded in- 
to one, the Re&angle PT x pf will be to the | 

s R 2 Re- 
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Rectangle P F into pi, asthe Re&angle R T x df 
‘is to the Rectangle DF x ri; that is, as R Lis 
tori: that is, in the laft fimilar ‘Triangles IR H, 
'irh (becaufe of the right Angle at R and r ; and 
.the Anglé .R HI agreeing to the Angle rhi, if 
the equal Circles were applied to each other ) as 
‘the vanifhing Arch IH is to the vanifhing Arch 
ih. Again, in the like Triangles PI O, PSF; 
pid, psf, PIistoPSas IQ isto SE, and ps 
istopiasSE or se is to iq. And both the 
‘equal Proportions being compounded, the Re&- 
angle PT x ps will be to the Re&angle PS x pi, 
as the Rectangle IO Xse is to the Rectangle 
SExiq;that is, as IO is to iq. And both 
the principal Proportions being compounded; 
the Quantity PIX PI pfx ps will be to che 
Quantity pi x pi X PF,xPS ; that is, PIq x pf x ps 
will be to pid x PExPS;; as the Rectangle IHxIQ. 
is to ché Rectangle ih x iq; thats, as the Cite 
‘cular Surface or Ring which the fmalleft Arch 
1H will. defcribe in the Circumvolution of the 
Semicircle AHTB about the Diameter A B, ‘is to 
thé Circular Surface or Ring which the fmall- 
eft Arch ih willdefcribe in the Circumvolution 
of the Semicircleahtb about the Diameter a bo 
And the Forces wherewith thefé Surfaces do ate 
tract the Corpufcles P and p, are, by the Hypothe- 
fis, as the Surfaces themfelves, fo far as the Squares. 
of the Diftances do not increafe or diminifh the 
the fame Forces; and confequently thofe Forces 
are. as the Surfaces themfelves applied to the 
Squares of their Diftances from the Bodies ; that 
PATS pis psy” |) op 1 PIES «Pe 
-oraspfxpsistoPF PS. Thefe entire For- 
ces. likewife are to their oblique Parts, which M 
me ke a AC- 
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| Revolution made of the Forces tend. to the 
“enters according to the Lines PS and ps, as 
I is to PQ; and as pi to pq ; that is, (be- 
aufe of the like Triangles PIQ PSF; and piq, 
jsf:) as PS isto PF, andaspstopf. From 
vhence, by Equality of Proportion, the. Atcra- 
tion of this Corpufcle P towards the Center 5; 
vill be to the Attra&ion of the Corpuícle p to- 

ds tlie Cent as E E agfiipiscitiedo ; 1 
aie i nter S, PSP p RC: 
ExPS; oras PExpfxpsXps is to 
£XPEXxPSxPS, oralío:asps % ps or psq 
sto PSXPSorP5q.; that is; ras -the squares 
X thesDiftances from their Centers reciprocaily.., 

And by the like Argument ,.the Forces. where- 
with the remoter Surfaces defcribed^by the Cir- 
-umvolution of the remoter Arches HL and. hl 
jraw the Corpufcles, are as. the Squares. of the 
Diftances from their Centers reciprocally,, And 
he Forces of all the like circular or annular Sur 
faces into which both the fpherical Surfaces may 
be diflinguifh'd, by taking always equal Arches, 
as HK, hk and ITI, iti; or, which is the fame, 
by taking the perpendicular S D equal to.sd, and 
SE equal to se; the Forces,of all thefe annular 
Surfaces, I fay, are in the faid Proportion. And 
from thence, the Sum of the Forces, or the Force 
of the whole fpherical Surfaces, will be exerted 
upon the Corpufcles in the fame Proportion. 

LE CD. | 

Corell. (x.) Since therefore every entire Sphere 
may be rightly diftinguifh’d into innumerable fuch 
like concentrical fpherical Surfaces; and fince 
from the Force of this Demonftration any onc of 
the Surfaces may fo attract, that Corpufcle,)that 
the Force of Attra&ion towards the Center is in 
the duplicate Proportion of the Diftance recipro- 
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cally; it is manifeft, that the whole Sphere alfo 
doth fo attract that Corpufcle, that the Centri- 
petal Force is in the duplicate Proportion 
of the Diftance from the Center reciprocal- 


Wehr (2.) And fince the reft of the oblique 
Forces IQ, iq, eftimated from the oppofite He- 
mifpheres, are oppofite to, and deftroy each 
other ; the entire Force exercis’d upon the Cor- 
pufcle, will be altogether equal to that Force 
tending towards che Center. bs 

Corol, (3.) And feeing the Demonftration 
‘would proceed in the like manner, if inftead of 
one Corpufcle, any Body compounded of thofe 
Corpufcles were fuppofed (for what agrees to one. 
Particle muft, by the fame Reafon, agree to eve- | 
ry one, and confequently to the Sum of them ;) 
itappears, that every Sphere confifting of Par-| 
ticles equally attractive, doth fo attra& every. 
Body, that the Quantity of the Attra&ion is in 
the duplicate Proportion of the Diftance from | 
the Center of the Sphere reciprocally. | 

Corol. (4.) Therefore the Attraction of the. 
Sphere is in the fame manner, as if the whole of | 
the Forces tending towards the Center was a- | 
thered together in the Center it felf, and united | 
and propagated it felf on every Side round about | 
from that one Point. | 

XLVI. If unto each Point of any Spheres | 
which are Homogeneous, or of the fame Denfi- | 
ty, equal Centripetal Forces do tend, decreafing in | 
the duplicate Proportion of the Diftances from | 
the Points ; and the Proportion of the Diame- | 
ters of the Spheres to the Diftance of the Bo- | 
dies from the Centers of the fame Spheres be | 
given : the Forces wherewith the Bodies are ate’ | 
acted being eompar'd amongtt themfelyes, '] 
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se found proportional to the Semidiameters of the 
sttraating Spheres. | 

“That is, The Forces of the Spheres are as the 
ytra&ing Particles themfelves, or, 23$ che 
Spheres themfelves ; that is, in the triplicate Pro- 
portion of the Semi-diameters, to Wit, at equal 
Diftances. But when the Diftances are fuppos'd 
unequal, and unequalin the very Proportion o 
the Semi-diameters, the Forces will be diminifh'd 
in Proportion to the Diftances; that is, by the 
Hypothefis in the duplicate Proportion of the Se- 
mi-diameters of the Spheres. The remaining 
Forces therefore, which are to be eftimated from 
the Excefs of the triplicate Proportion above the 
duplicate, will be in the fimple Proportion of the 
Semi-diameters dire&ly. Q. E. D. 
^ Corel. (x.) | Hence, if any Bodies be revolv'd 
in Circles about Spheres confifting of Matter 
equally attractive ; and the Diftances from the 
Centers of the Spheres be proportional to the 
Diameters or Semi-diameters of the fame ; the 
periodic "Times will be equal. For the Equality 
of the periodic Times foilows from the Forces in 
the dire& Proportion of the Diftances ; as we 
have fhew'd before. 
-- Corol. (2.) And the Inverfe of it is alfo true ; 
if the periodic Times be equal,the Diftances of the 
revolving Bodies from the Spheres, if fo be the 
(ame be Homogeneous, or of the fame Denfity, | 
will be proportional to the Semi-diameters of the 
Spheres. 

Corol, (4.) And from the periodic Times given, 
together with the Diftances of the Bodies from 
the Spheres, the Denfities of the Spheres will alfo 
be given: To wit, by computing what periodic 
Times would follow from thence at Diftances 

proportional to the Semi-diameters of the Spheres, 
$0 R 4 and 
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and by determining from the Excefs or Defect of — 
the periodic Times, the Defe&. or Excefs of Den= | 
{ities reciprocally proportional to the fame. Ex. | 
amples of which, in the Sun, Fupiter, Saturn,and — 
the Earth, will be produc'd hereafter. : X 
XLVIE. If unto each Point of'fome given | 
Sphere, which is Homogeneous, or of equal. Den» | 
fity every where, ‘there be a Tendency of equal | 
Centripetal Forces decreafing in the) duplicate | 
Proportion of. the Diftances from the Points ; à. | 
Corpufcle placed within the Sphere, is attracted | 
with a Force proportional to its Diftance from — 
the Center thereof. ^. 5; 1j E 
In the Sphere ABCD (of Fig. x; Plate 7.) 
defcribed from the:Center S, let the Corpufcle P, 
be placed ; and from. the Center S with the Inter- 
val SP; conceive an inner Sphere to be defcribed, 
to wit, PEQ F. «Ie is: manifett, ‘by Prop. 44. 
That the Concentrick Spherical Surfaces;of which © 
the Difference of the Spheres is compofed, the — 
Attradions in one;part being every where de- | 
ftroy'd by the contrary Attractions; do-not at 
at all. upon the:Corpufcle P.: There remains. only, 
the Attraction of .the inner: Sphere P-E/Q.F.. 
Therefore the Centripetal Force decféaferh, by - 
reafon of the leffer Sphére which atrraés\in the 
triplicate Proportion of the’ diminifh'd Diftance | 
. fromthe Center; but increafeth inthe invers du- 
plicate Proportion of the Diftance, becaufe of | 
the Accefs to the Cenrer.. Therefore the remain- 
ing Force, to be eftimated from the Excefs-of the 
triplicate’ Proportion above the duplicate, will be 
in the dire@ Proportion of the Diftance from the _ 
Center. 2. E Dw: | r 
Corol. (1.). If fuch a fort of Sphere be bored 
through the Center, all Bodies let fall. from all 
Diftances, whether little or great, wil] defeend 
unto 
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‘unto the Center in an equal Space of Time ; in 
|the Space, to. wit, of 21'. 9". in our Earth, as we 
obferved before. To 

Corol, (2.) And if there be no Medium, which 
 refifts the Motion of the defcending or afcendin 
Bodies, every Body let fall will, when it hath 
paífed the Center, afcend as far beyond the Cen- 
ter as it before defcended to it ; and fo will, bya 
perpetual Afcent and. Defcent,- imitate the Moti- 
ens of pendulous Bodies vibrating in a Cycloid; 
And thefe Vibrations, if we may. fo call them, 
will be perform'd,in equal Times. |. - 
Corol.(3.). Butif, as many very fmall Inter- 
vals as you will, Concentrical to fuch a Kind of 
| Sphere ; be fuppofed to be interpos'd betwixt any 
fpherical Surfaces whatever, and any Bodies what- 
ever be underftood to be revolv’d in thefe Inter- 
vals about the Center, like fo many little Planets ; 
the periodic Times of all thefe Planets will be 
equal .every where. That is, every Period 
will be perform'd in the fame Space of Time, in. 
which any Bodv whatever being let down would 
perform the whole Vibration compounded of 
Going and Returning: Thus, in our. Earth, the 
faid circular Periods would be performed in rh. 
2436. As may eafily appear from what hath 
been demonítrated before. 
_ Scholium. Yt is to. be noted, that thofe Sur- 
faces, of which we fuppofe folid Bodies to be 
compos'd, are not purely Mathematical, or void 
of all. Thicknefs ; but fuch thin Orbs, that their 
Craffitude is as nothing. In like manner by 
Points, of which we fay Lines are compos'd, and 
from thence Surfaces and Solids, Particles of 
equal Magnitude, but which is fo fmall that it is 
not to be regarded, are to be underftood, 
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REVIT AL & S HE(ameThingsbeing füppotte 
3 a Corpufcle placed without a 
Y oo T € Sphere is attracted with a 
& Force reciprocally proporti- 

t onal to the Square of its 

Diftance from the Sphere. For let che Sphere be 
diftinguifh'd into innumerable Concentrical Sphe- 
rical Surfaces; the Attractions of the Corpufcle 
arifing from each of the Surfaces, will be reci- 
procally proportional to the Square of the Di- 
ftance of the Corpufcle from the Center, by 
Prop. 4$. And likewife by compounding, the 
Sum of Attractions, or the Attraction of thé 
whole Sphere, will be in the fame Proportion: 
ku s D. e 
Corol (x.) Hence, in equal Diftances from 
the Centers of Homogeneous Spheres, the Attra- 
&ions are as theSpheres themfelves; or as the Cubes 
of the Diameters are one to another. For, by 
Prop. 46. if the Diftances be proportional to the 
Diameters, the Forces of the Spheres will be as 
the Diameters: Let the greater Diftance there? 
fore be diminifh'd in that Proportion ; and thus 
the Diftance being now made equal, the Attra- 
&ion will be increas'd in that duplicate Propor- 
tion, and confequently will be to che other At- 
traction in that triplicate Proportion of the Di 
meters, that is, in the Proportion of the Spheres 
themfelves. | E 
Corol. (2.) In any Diftances whatever, the At- 
tractions will be as the Spheres applied to the 
Squares of the Diftances, - a M 


al 


Corol. 
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Corel. (3.) If a Corpufcle placed without an 
Homogeneous Sphere, be drawn. with a Force 
reciprocally proportional to the Square of its Di- 
ftance from the Center, and the Sphere in the 
mean time confifts of attractive Particles ;. the 
Force of every Particle will decreafe in the du- 
plicate Proportion of the Diftance from that Par- 
ticle. 

- Cerol. (4.) Since therefore all the Planets, both 
Primary and Secondary, are attracted to the Sun ; 
all the Secondaries about fupiter are attracted to 
the Center of Fupiter; all the Satellites of Saturn 
to the Center of Saturn; and the Moon to the 
Center of the Earth: Every one to its own Cen- 
ter in divers Diftances, with a Force reciprocally 
roportional to the Squares of the Diftances re- 
Ey. the Force of every Particle compo-. 
fing the Body of the Sun, ^fupiter, Saturn, and 
the Earth, decreafeth in a duplicate Proportion of 
the. Diftance from the fame Particle. 

JXLIX. If unto each Point of a given Ho- 
‘mogeneous Sphere, there be a Tendency of equal 
Centripetal Forces decreafing in the duplicate 
Proportion of the Diftances from the Points ; 
every other fimilar Sphere will be attracted with 
a Force reciprocally proportional to the Square 
of the Diftance of the Centers. 

_ For the Attraction of every Particle is recipro-. 
cally, as the Square of the Diftance thereof from 
the Center of the attracting Sphere, by Prop. as. 
and therefore it is the fame, as if che whole attra- 
&ing Force lay in one fingle Particle fituate in the 
Center of this Sphere. But this Attraction is as. 
great as the Attraction of the fame Corpufcle 
'Wou'd be, if fo be it were attracted by each Pare. 
ticle of the attracted Sphere with the fame Force 
wherewith it attracts them. Bue chis SHAPES 
0 
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of the Corpufcle would be by the lait Prop. reci- 
procally proportional to the Square of the Di- 
ftance thereof from the. Center of the Sphere; 
and confequently the Attraction “of the Sphere, 
which is equal to the fame, 4 is. in the fame Pro- 
portion. ..Q. E. YE 

Corol. (x.) Attra&ions of Homogeneous Spheres 
towards . other Homogeneous Spheres, are, as it 
is in.thofe of Points, or. the. moft. minute Cor- 
pulcles, as the attracting Spheres applied to the 
Squares of the Diftances of their Centers from 
the Centers of thofe which attract. 

Corol. (2.). The fame thing holds, where the’ 
attracting Sphere doth alfo attra& it felf. For 
each Point of this will draw each Point of the 
other with the fame Force, whereby it is inter~ 
changeably drawn by them. “And confequently 
fince in all Attractions, both the attrahent and the 
attracted Body are. urged or acted upon; the 
Force of the mutual Attra&ion will be doubled 
keeping the Proportions. 

Corol. (3.) . All thofe things which have md 
demonftrated above, concerning the Motion of 
Bodies, about the Focus of Conic Sections, do 
hold where the attraéting Sphere is placed im 
the Focus, and the Bodies are mov 'd without that 
Sphere. - 

Corol. (4.). But? thofe things which were de-’ 
monftrated concerning the Motion of’ Bodies 
about the Center of Conic Se&ions, do hold 
where the Motions are performed within the 
Sphere; to wit, where a Sphere not perfealy 
Concave, but full of Concave Parts, i is fuppofed ; : 
ds we obferved before. 

^L. Prop. “If Spheres which are diffimilar in ih 
Procefs from the Center to the Circumference, 
Yos to Denfity. of Matter, and the attractive 

FORES 
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Force,) are neverthelefs altogether fimilar in their 


Progrefs in à round in every given Diftance from 
the Center; and the attractive Force of every 
Point decreafeth in the duplicate Proportion of 
the Diffance of the attracted Body: the whole 
Force whérewith one fuch Sphere draws the 
other, is reciprocally proportional to the Square 
of the Diftance of the Centers. 

For fuch a fort of Sphere may always be divi- 
ded into fimilar Concentrick Spherical Surfaces. 
And fince it hath lately been demonftrated , that 
every Surface feparately confidered, doth fo draw 
all other Surfaces feparately confidered, that the 
whole Force wherewith fuch a fpherick Surface 
draws any other; is reciprocally proportional to 
the'Square of the Diftance from its Center ; the 
Propofition will appear manifeft of entire Spheres 
compounded of fuch Surfaces. 9. E. D. — | 
"Corel. (1.) Hence, if many fuch like Spheres 
being like to one another in all things, do attract 
ach other; the accelerating Force of each upon 
each will be at equal Diftances of the Centers , 


As the attra&ing Spheres themfelves; or asthe - 


Quantities of Matter contain'd in the fame. 

7? Gorol. (2.) ^ And in all unequal Diftances what- 
ever, as the attraéting Spheres applied to the 
Squares of the Diftances betwixt the Centers of 
the Spheres. — : " ! 
- Corol. (3.) But Moving Attractions, or the 


Weights of Spheres in Action upon or towards - 


‘Spheres at equal Diftances of Centers, are as the 
attracting and attracted Spheres conjun&tly; that 
is as the Contents of the Spheres produc'd by 
Multiplication. For fince the attracting Body, 
‘becaufe of Reaction, which every where is equal 
to A@ion, tho” tending to the contrary Part, is 
-mov'd cowards the Body attracted with the like 
a Quan- 


A» 
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tity of Motion, that is, with a Celerity recipro- 
cal to the Bodies; and this would be if there 
were properly no attractive Force of the Body 
‘which is attracted : And fince to thofe who inha- 
bit any Sphere, the whole Velocity of Sphere 
approaching to one another is neceffarily referr'd 
to the other Sphere, and riot to the Sphere they 
dwell upon; becaufe they cannot difcern 
their own Motion; hence it comes to país, that 
all the Centripetal Force of the other Sphere, 
that, to wit, wherewith it approacheth to their 
own, or that rather wherewith they are both o 
them carried with the fame Tendency towards 
the mutual Concourfe, and which is called che 
Weight of the other; is not only proportional to 
the attracting Sphere, but to both Spheres taken 
together. This is that which goes by. the 
Name of the Weight of any Body towards. the 
Earth, which makes that that Body and the Earth 
are carried towards each other, with a relative Ver 
locity of Approximation... Thus we fhew'd before. 
(Prop. 23.) that the Gravity of the Moon iov 
the Earth, is of that Quantity that it. would fall 
to the Center of the Earth in the Space. of 4h 
20. almoft. Not that all that Velocity is to, be 
referr'd to the Moon it felf; but that if all the 
refpective Velocity of approaching, arifing from 
the Motion of both Bodies, were to be referrd | 
to’ the. Moon alone, .as thofe. chat inhabit the - 
Earth are wont to refer it ; this, would make that 
the Moon would fall to the Center of the Earth 
in that Space of. Time. | dn 
Corol. (4.) . In unequal Diftances Moving . Ata 
trattions, or the Weights of Spheres. towards 
Spheres, will be as thofe Contents applied to the 
Squares of the Diftances betwixt:the:Centers.. .., 
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—Qorol. (5.) The fame Things hold alfo a forti- 
ri, where the whole Attraction arifeth from the 
ittractive Virtue of both Spheres mutually exer- 
"fed upon the other Sphere. For the Attraction 
will be doubled, the Proportion being kept. 

- Cerol. (6.) If fome fuch Spheres be revolv'd 
sbout others quiefcent each about each; and the 
Diftances betwixt the Centers of the revolving 
ones, and of the quiefcent, be proportional to 
the Diameters of the quiefcent; the periodic 
Times will be equal. | ME 
«QCorol. (7.) And, . vice. verfa, if the periodic 
Times be equal, the Diftances will be proportio- 
nal to the Diameters. | 

Corol. (8.) All the fame Things which we de- 

monftrated above, concerning the Motion of Bo- 
dies about the Foci of Conic Sections, do hold 
where the attracting Sphere of what Form and 
Condition foever, which hath been already de- 
{crib’d, is placed in the Focus. 
+ Corol. (9.) As alfo where the attracting Spheres 
revolve of what Condition foever, that have been 
already defcrib'd, 7. e. either wholly Homogeneous, - 


or in the (ame Diftances from the Centers s o. 


‘LI. If to each equal Point of Homogeneous 
Spheres, there be.a Tendency. of. Centripetal 
Forces equal at equal Diftances, but at divers 
Diftances dire&ly proportional to the Diítances 
of the Points from the Bodies attracted’; the Force 
compounded of the Forces of all the Parts, 
wherewith the two Spheres do mutually draw 
each other, will be as the Diftance betwixt the. 
Centers of the Spheres. a 

Cafe Y. In Fig. 2. Plate 7. Lec AC BD be a 
Sphere compounded of thefe attractive Forces : 
S the Center of the fame; P a Corpufcle MUR 
eas 


- 
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ed: PASB the Axis of the Sphere paffing through. 
the Center of the Corpufcle: EF and ef two 
phyfical Planes of a'Thicknefs not to be regarded, 
wherewith the Sphere is cut,: which are alfo per-| 
pendicular to the Axis, ahd on.this fide and on 
that equally diftant from the Center of the Sphere. | 
The Points G and g, the Interfe&ions of 5 
Planes and the Axis: and H any phyfical Point 
Jin thé Plane EF. The Centripetal Force of the 
Point H upon the Corpufcle P, exercifed We 
the Line P H, is, by the Hypothefis, as the Dis 
. ftance ic felf PH; which by Refolution of For- | 
ces is to be divided into GH, GP. From 
whence the Force along the Line PS, that is to- 
wards the Center S, is as che Length it felf PG; 
[ HG, or one Part of the Forces being des 
ftroy'd by the Force of the Point which is equally 
diftant from the Axis, onthe other Side of the 
Axis dire&ly oppofite in the fame Plane. ] Theré- | 
fore the Force of all the Points in the Plane EF; 
that is, the Force of the whole Plane, whereby 
the Corpufcle P is drawn towards the Center. S, - 
will in like manner be as the Number. or Sum of - 
the Points drawn into the Diftance P.G: that is, | 
as the Content under the Plane EF, and the Di- | 
ftance PG. And in like fort the Force of the - 
Plane ef, whereby the Corpufcle P is drawn to- | 
wards the Center $, is as the'equal Plane drawn | 
into the Diftance P G: ^ And. the Sum-of the - 
Forces of ‘both Planes is as the Plane EF, drawn 
into the Sum of the Diflances PG X Pg; that is, - 
as that Plane drawn into P S the double of. the 
Diftance of the Center and the Corpufcle: [Be- 
caufe of che Lines PG,PS,P.g, which are Arithme-: 
‘tically proportional; and from thence the Sum of. 
‘the Extremes equal to the Double of the Mean. ] 
‘That is, as the Double of the Plane EF; p ] 
ye um 


| 
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Sum of the equal Planes drawn into the Diftance 
PS. And by the like Argument, the Forces of 
all the Planes in the whole Sphere, equidiftant on 
this fide and on that from the Center of the 
Sphere, are as the Sum of the Planes díawn into 
the Diftance P S: that is, as the whole Sphere 
drawn into the Diftance of the Center thereof 
from the Corpufcle. And becaufe the Sphere is 
piven in every Diftance, the entire attracting 
Force will be as P S, the Diftance of the attracted 
Corpufcle from the Center of the Sphere. 
9. E. D. : 

Cafe (2.) Now let the Corpufcle P draw the 
Spliere, to wit, all Points of it, witli a Force di- 
rectly proportional to the Diftance of the Points 
from the Corpufcle: And by the fame Argument 
t will be prov'd, that the Force wherewith that 
sphere is drawn will be as the Diftance P 5. 


PR" D: 

Cafe (3.) Then let another Homogeneous 
Sphere be compounded of innumerable Particles, 
is P, attractive in like manner; that is, in the di- 
‘e& Proportion of the Diftance. And becaufe 
he Force wherewith every Particle is drawn, is 
ts the Diftance of the Corpuícle from the Center 
of the firft Sphere drawn into the fame Sphere; 
ind confequently is the fame, as if the whole 
sroceeded from one fingle Point in the Center of. 
he Sphere: The whole Force wherewith all the 
Corpufcles will be drawn in the 2d Sphere, that 
$, that wherewith that whole Sphere is drawn; 
will be the fame as if that Sphere were drawn by 
t Force proceeding from one fingle Corpufcle 
slaced in the Center of the firft Sphere. And 
therefore it will be proportional to the Diftances 
»etwixt the Centers of the Spheres. Q. E; D. 
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Cafe (4.) Now lo the Spheres draw one ano- 
ther; and the doubled Force. wal till preferve 
the former Proportion......2. E. 

Cafe.($.) Next, let. the ps daba p be placed 
within the Sphere A C B.D: and here, becaufet 
Force of the Plane ef uponthe Corpufcle will be 
as the, Content under that Plane, and. the. Di- 
ftance:pg, or as ef x pg;and the contrary Force 
of:the. Plane E E,. as the. Content under that 
Plane and the Diftance. pG, oras EF x pG: 
orasefx pG: Therefore the attracting Force 
will be as the Difference of, che Contents; chat is 
efxpg--pG; orasthe double of ef draw gyin- 
to half che Difference pg-pG,-—aefx : p 

—ip Gs: That is,becnníe/ is G, Sg are equal, as 


. the Sum of the equal Planes drawn into. half. the 


Difference of the Diftances, or into pS the Dr 
. ftance of the Corpufcle from the Center of the 
Sphere. And by the. fame Argument, the At 
traction of all the Planes in the whole. Sphere, as 
EF, ef, equidiftant on this fide and on that from 
the Center; that is, the Attra&ion of the whole 
Sphere will be as the Sum of all the Planes, or 
the whole Sphere drawn into p S, the Diftance of 
the Corpuicle from the Center of, the Sphefs 
3 a 

afe. (6.) And ifia new Reto ses Sphere 
eed within the former, be compounded of ig 
numerable Particles as p; it will be provid, as be 
fore, that the Artraction, , whether it. be fimply. of 
one Sphere into another, or mutual and,on bot 
fides, will be as the Diftance. of the. Centers ps 


9. E. D. | 
LII. If Spheres in the DOREM. f the : Cel 

ter to the Circumference (as to Denfity of Mat- 
ter, and attra&ive Force ) howfoever (LE 
are neverthelefs in the Progrels round about at 
every 


| * : 
Mathematical. Philofophy. 259 


every given Diftance from the Genter every 
where fimilar ; and the attractive Force of every 
‘Point is dire&ly as che Diftance of the attracted 
‘Body : The whole Force wherewith two fucli 
‘Spheres will mutually draw each other, will be 
proportional. to the Diftance betwixt the Centers 
of the Spheres. » | 
- For fuch a Sphere may always be divided into 
equal Circles EF, ef, and in the fame Diftances 
from the Centers G, g, into Homogeneous ones ; 
and fince from che Force of what hath been alrea- 
dy demonftrated, every circular Perimeter, of 
Which every: whole Circle is compounded, doth 
afford a Force proportional to the Diftance from 
ke Center of the Sphere; the whole Force will 
alfo be in the direct Proportion of the Diftance 
from the Center. 
Coro... What has been above demonflrated in 
the Corollaries to the goth Prop. concerning the 
Attractions of Spheres where the Law of :Attra- 
tion was in the duplicate Ratio of the Diftance 
laverfly, may be every where applied to this Place, 
lautatis rite mutandis, » But efpecially thofe whicli 
we have formerly demonftrated, concerning Bo- 
lies moving about the Center of Conic Sections, 
brain where all the Attractions" are made by 
lhe Force of fpheric Bodies of the fame fort that 
was juft:now defcribed ;;-and.che attra@ed’ Bodies 
ite Spheres of the fame Kind. | : 
“Scholium. We have. &ow:explained the two 
iotable Cafes of Attractions; to wit, where the 
B n. Forces decreafecin the duplicate, or 
Ihcreafe in the fimple Proportion of the Diftances i 
zaufing the Bodies: in: both Cafessto be revolved 
a Conic Se&ions, to wit; by the firft Law! about. 
he Focus;^by the fecond aboutthe Centér; (and. 
he firft Cafe Boruigrowielicn placed: without 
13 > 2 the 


he 
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the Spheres, but the latter agreeing to the Bodies 
placed within them :) And compounding the 
Centripetal Forces of fpheric Bodies decreafing 
by the fame Law in their Recefs from the Center, 
or increafing with the Bodies. Which is wel 
worthy to be taken notice of, and is very ufe- 
ful to folve the Phenomena of the Solar Syftem. 
It wou'd be tédious, and of little Ufe, ftrictly to 
examine the other Cafes in this Place, which 
would exhibit Conclufions lefs elegant, and more 
remote from the Conftirution of the World. 
Therefore, fince we have already explained the 
Attra@ions of fpheric Bodies, we may go onto 
the Laws of Attra&ion of other Bodies confifting 
of like attractive Particles: But we don't defign 
to handle them in particular. Therefore we fhall 
only fubjoin fome more general Propofitions of 
the Forces of Bodies of the like fort, and of the 
Motions arifing from thence, which will be of 
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ted from each other by a Space| 
I €? bounded on both fides with pa- 
7 ® rallel Planes; and a Body in its 
| Sa Paffage thro’ this Space be attrad- 
ed or impelled perpendicularly to eiherMedium,& 
be neither accelerated nor retarded in its way by 
any other Force ; and if moreover the Attraction be 
every where the fame, at equal Diftances, from 


both Planes taken along the Line of its Mo ; 
the 


LIS @ F two fimilar Mediums be fepara- 
as 
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he Sine of the Angle of Incidence upon the one 
Jane, will be to the Sine of the Angle of Emer- 
rence out of the other Plane, in a given Propor- 
jon; i.e whatfoever the Angle of Inclination 
hall be, the Proportion of thofe Sines will always 
xe found to be the fame. | 
Cafe (1.) Let (in Fig. 3. Plate 7.) Aa Bb 
xe two parallel Planes. Let a Body fall upon che 
ormer along G H, and be in its whole Paffage 
ittra&ed or impell'd towards the Medium of In- 
sidence; and by this A&ion deícribe a Curve HI, 
and then emerge by the Line IK. Let the per- 
pendicular IM be erected upon the Plane of 
Emergence Bb, meeting both the Line of Inci- 
lence GH producd in M, and the Plane of In- 
"idence Aa in R. And let the Line of Emer- 
xence K I produc'd meet HM in L. Thus GM 
will be the Tangent of this Curve in the Point H ; 
and the Line L K the Tangent of the fame in the 
Point I. Then, from the Center L with the In- 
rerval LI, leta Circle be defcrib'd, which may 
cut as well H M in P and Q, as MI produc in 
N. And now in the firft place, if the Attraction or 
Impulfe be fuppos'd to ba uniform,that Curve H I 
will, according to what hath bern demonttrated 
before, bea Portion of a Parabola ; (fee Prop. 8.) 
and the Line L V, perpendicular to both Planes, 
will be one of the Diameters thereof ; and the 
right Line HI, bife&ed by the fame LV in the 
Point C, will be an Ordinate of that Diameter. 
Now it isa Property of this Figure, that the Re- 
&angle contain'd under the Latus rectum, belong. 
ing to the Vertex H, ( which in this Cafe is al- 
ways given ( by Corol. 2. Prop. 8. ) by reafon of 
the Velocity of the Bodies here fupposd to 
be given ;) and the Abfcifs HD or I M, whichis 
equal to it; is equal to the Square of the Semi- 

Sa ordinate 
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ordinate DI or 11M; which is equal thereto; 
The Tangent alfo of this Parabola- FT My will be 
bifected in the Point E: (For in the like Triangles 
HCL,HIM, asHCisto HE fo will HL be 
to HM.. But H C is half ‘of HT; therefore HE. 
is alfo half of HM.) From whence; if you let 
down L O perpendicular to MI, M Ó and OR. 
will always be equal; and the Equalé^tO, ON 
being added, the Wholes MN,IR will dikewife. 
be equal. Since therefore TR, the Diftance of 
the Planes, is given in all Inclinations whatevers 
MN alfo, which ‘is equal to thé fame, will be. 
given in all Inclinations. And confequently the 
Rectangle NM » MT will be to- che Red&angle: 
under the Latus ref um belonging to the Vertex H 
and MI, as the givén N M fs to the eiven Latus 
vetium, ‘or in a given Proportion.” Now the Res 
&angle under H D'or M I, and the Latus velum. 
is eqnalto DI q or HM'4. And therefore the Res. 
&angle NM -- MT isto HM q ina given Pros. 
; portion. “But NM :E M E 4s equal 
pore P36 to PM-MO that i5; "to che 
Ebm «Difference of the Squares of ME. 
aw and PL; or of ME and EP: And. 
HM q hath a given Proportion to E-Mf q, * 
fourth Pare of it felf Therefore the"Proportiom - 
of MEd—LIqtoLEMq is given; and by dis. 
viding the Proportion óf LIq'to E'Mq, and 
che fubduplicate Proportion of the fame‘Line'L I 
to L M. - But in every ‘Triangle, the Sines ofthe. 
Angles are proportional to the óppofite Sides, 
(Corol. 1. Prop. 20. Book 4: of the Elem.) Therefore 
the Proportion of the Sine of LMR, ‘or of ANG) 
the Angle of Incidence, to the Site of the Angle - 
of Emergence MIK or LIR; or of the Angle 
LIM the Complement of the fame unto two rig ht 
Angles is ftill given. [FortheSine of theAngle EIR; - 
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and of LIM, the Complement of the fame unto 
two right Angles, is che fame.] 9. E.' D. 

"Cafe (2.) , Then leta Body país fucceffively 
thro’ divers Spaces bounded with parallel Plains, 
as (in Fig. 4. Plate7.) Mab D, BbcC,CcdD, 
Qc. and be mov'd with a Force uniform in each 
Sphere taken a- part, and divers in the divers Spa- 
ces; Here, by what hath been demonftrated al- 
ready, the Sine of Incidénce on the Plane’ Aa, 
will be.to the Sine of Emergence from Bb ina 
| iven_ Proportion ;. and this Sine, which is the 
eine of Incidence on the Plane Bb, will be to. 
that of Emergence from the 4d Plane Cc in a 
given Propordon ; and t 2 fame is to be faid of 
this laft Siue tó the Sind of Emergence from Dd; 
and fo infinitely. / And by Equality of Proporti-- 
on, the Sine of Incidence on the firft Plane will 
be to.the Sine of Emergence from the laft, in a 
given Proportion., "Then let the Intervals of the . 
Planes be diminifhd, and the Number increas'd. 
infinitely ; to the end that the Action of Attraéti- 
on or Impulfé may be continual, according to 
any Condition which may be affign’d: And the 
Proportion of the Sine of Incidence on ché firft 


Plané to the Sine of Emergence from the laft, 


will fill be'given. 9, je pn ipie 
LIV. The fame Things being fappos'd, "the 
| Velocity. jf 4 Body before rhe Incidence will be 


‘to the Velocity of the fame afrer the Emergence, 
b Ron Emergence to the Sine of Inci- 
" Inthefonner Figure, let “AH, Id be equal 
and let che Perpendiculars AG, d K be ere&ted, 
| mé D lines of Incidence and Emergence 


G "-inGand K. In G.H let T H be taken 
equal to LK, and T v be let down perpendicular 
tothe Plage Aa. And let the Motion of the 
liu, eH MU i S4 UE NY 329 Body 
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Body be diftinguifh’d into two, one perpendicu- 
lar to the Planes Aa, Bb, C c, Dd, the other pa- 
rallel to the fame. The Force of Attra&ion or 
]mpulfe, whilft it a&s along the perpendicular 
Lines, will not at all change the Motion along 
the Parallels; and therefore the Body by this Mo- 
ton will, in equal Times, go over thofe Inter- 
vals of the Parallels, which are betwixt the Line 
A G and the Point H, and berwixt the Point I 
and the Line DK: that is, will in equal Times 
defcribe the Lines GH and IK. And therefore 
the Velocity foregoing the Incidence will be to 
that which follows the Emergence, as GH is to 
IK or TH; as AH or ID is to v H ; that 
is, (in refpe& of the Radius TH or IK) asthe 
Sine of Emergence to that of Incidence. 9.E.D. 
LV. The fame Things fupposd ; and that the 
Motion: before the Incidence is fwifter than that 
afterwards; a Body by the inclining of the Line. 
of Incidence will at length be reflected , and the 
Angle of Refle&ion will be equal to that of In- 
cidence. | 
Fer (fee Fig. 5. Plate 7. ) imagine that a Body 
doth, betwixt the parallel Planes Aa, Bb, Cc, 
D d, cc. defcribe parabolick Arches, as above; 
and let HP, PQ, QR, c. be thofe Arches. 
And let the Obliquity of the incident Line G H 
co the rft Plane A a be fuch, that che Sine of In- 
cidence is to the Sine of the right Angle ; that is, 
to the Radius of the Circle, in that Proportion 
which the fame Sine of the firít Incidence hath 
to the Sine of the Emergence from the laft Plane 
D d, into the Space exprefsd by Dd Ee. And. 
here, becaufe of the Sine of Emergence now 
made equal to the Radius, or Sine.of the right 
Angle, that Angle of Emergence will bea right - 
ene; and confequently the Line of EE 
wi 
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vill now coincide with the Plane Dd. Let the 
Body come to this Plane in the Point R : Here, 
yecaufe the Line of Emergence coincides with 
he fame Plane, it is manifeft, that che Body can- 
sot move farther, or towards the remoter Plane 
xxprefs'd by Ee. Nor indeed can that go for- 
wards in the Line of Emergence R d, becaufe it 
is perpetually attracted or impell’d towards the 
Medium of Incidence : Therefore it will return 
betwixt C c and D d, defcribing QRq the Arch 
of a Parabola, the principal Vertex whereof will 
be the Point R ; and it will cut the Plane Cc in 
the fame Angle q, as it did before in Q. Then, 
in going forwards in the parabolic Arches qp. ph, 
@c. like and equal to the former QP, PH, it 
will cut the reft of the Planes in the fame Angles 
in pand h, as before in P and H ; and will at 
length emerge in the fame Obliquity in h, with 
which it fell upon H. Conceive now the Inter- 
vals of the Planes A a, Bb, Cc, D d, ore. to be 
diminith’d infinitely, and their Number increas’d ; 
fo thatthe Action of Attraction or Impulfe may 
be continual according to any Condition what- 
foever ; and the Angle of Emergence, which was 
before always equal to the Angle of Incidence, 
will remain ftill equal to the fame. — 2. E. D. 

. Scholium, Not unlike to thefe Attractions, asit 
feems, are the Refra&ions and Reflections of 
Light made according to a given Proportion of 
Secants, as Swellius difcoverd ; and by confe- 
quence according to a given Proportion of Sines, 
as Des Cartes‘ has expounded it: [ For fince every 
Sine is to the Radius, as the Radius is to the Se- 
cant of the Complement ; and the Angle of In- 
eidence betwixt che Radius and che Plane, called 
by Svellius the refracting Angle, is the Comple- 
ment of the Angle called by Cartes, that of Inci. 
b ES dence 
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dence betwixt: the Radius and, the Perpendicular ;| 
the Proportion:of; Secanrs: with, Suel/ius, will | 
wholly agree, and fallin with the Proportion of. 
Sines usd by Cartes] | For that. Light is propaga-| 
ted. and recurneth from the Sun. to. the Earth in| 
about 7 ot 8 Minutes Space ,-is what. is now fma-| 
nifeft from the Phenomena of the Satellites of us | 
piter, confirm'd by the, Obfervations. of divers | 
Aftronomers; and the Rays of Light which. | 
in the Air, (as Grimaldus {ome while We | 
verd, by letting. in Light through a Hole dnto.g | 
dark Chamber; and Sir faac Newton hath .morg| 
fully experimented ) in their Paffage near the) 
Angles of opake or tranfparent Bodies, are bowed 
about the Bodies, being, as it were, drawn towards 1 
them: And. of thefe Rays, thofe which, in that. 
Paflage come nearer.to the Bodies, are the more 
bowed ; -being, as it were, the more attra XN 
. Sir Ifaac himfelf diligently obferyed, and hath Tatez 

ly fet forth at large in the 3d Book of his Opticks. | 
Now , fince there is fuch.an Incurvationjof; th 
Rays in the Air without the Knife, the Rays alfo. 
which fall upon the Knife.mpft have been bended: 
in the Air, before.they touchedsthe Knife,:, And 
there is the like Reafon for.thofe which fall.upon. 
‘Glafs. "The Refra&ion therefore of the Rays i 
Light is not.made in the Point of. incidence, bad 
by little and.licrle.in the ‘continual Incurvation of) 
the Rays, . which. happens partly. in the Air, and 
before.they touch.che Glafs; aud partly as it fhoul | 
feem in the Glafs ic felf after,shey have. enter d. 
into it... Nor is the thing otherwife in. Reflexionsy 
as Sir Ifaac Newton hath fhew'd moft accuracely n 
the Book juft before cited ; whither we refer. aug) 
Reader, who is ftudigus of thefe things; . Now, 
becaufe of the Analogy which 1s betwixt Eu 
pagation of the. Rays of Light apd the, Progels 
5 Oo 
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of Bodies; it'féem'd proper to “premife the 
three foregoing Propofitions, as preparatory °to 
true Optics. But we muft note by the way with 
Sir Ifaac Newton, that fpheric Figures are more ac- 
Bernese to pene Ufes than any of the 


% 4t 


the Glafícs would be corre&ed exactly enough 
by the Refractions of the Water. And he judgeth, 
Bi fuch Objective Glaffes are to be preferr d be- 
fore Elliptic and: Hyperbolic ones; not only be- 
eaufe they may be fafhion’d more eafily and ex- 
actly, but alfo becaufe they refra& the Pencils of 
the Rays, fituate without the Axis of the Glafs} 
more « accurately.. : However.) thes divers Res 
franigibility ‘of divers Rays ‘will: ‘ever. hinder 
Optics from being brought to’ Perfe&ion by Fi: 
gures of Glaffes, either fpherical or any other 
whátéver. And unlefs the Errors arifing froni 
the foréfaid Head’ can ‘be’ corrected -alb our Lae 
bour-will be: emiploy'd: to fmall purpofe i in corrécta 
ing the reft. "Bu as concerning all:thefe things j 
the Famous’ Athos himfelf' is to be:read in: chat 
Roble Optic Work rhéntion'd :bbefake, T O. , 
Schl, (2.) But fince ie hath. fecin'd good. tá 
that great Man; tó propofe certain: Propofitions 
5 ‘that Book “without their’ Demonftrations ; it 
ill be worth our while to bring in in this place 
the Démonftrations of them, which haye beer 
either lately found out, or elfewhere déliveréd by 
‘the fame Author; that fo chere may be nothing 
dn that Famous “Preatife , Which VA pn ett may 


E ftumble 
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ftumble at, as not having ic demonftrated before | 
them. | | 
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Prop. (1) AT SPYSET ACE bea refleding | 


fpherical Surface, the Cen- | 
Page 7. Cafe 99 LOS ja whereof is E. Let the | 
4, Book I. cA # F2 Radius EC be bifeéted in 
! | NT the Point T. And if the 
Points Q and q be marked in the Line EC, on 
the fame fide of the Point. T: So that TQ, TE 
and T q, be Lines continually proportional; and | 
the Point Q be the Focus of the incident Rays ; 
the Point q will be che Focus of the Reflex Rays. 
For by the Hypothefs QT : TC:: TC :: Tq 
and by compounding Q T--T C — QC: Q'T:$ 
CT-4-Tq-—Cq:CT-—ET ; that is, OGs 
QT::Cq:ET. And by alternating QC: 
Cq::QT:ET.. But by V. x9. of the Ele- 
ments, QT:ET::QE:Egq. Therefore by 
Equality QC: Cq::QE: Eq. | From whence, | 
in the Triangle, the Bafe whereof is Qa, and | 
the Vertex in the fpheric Surface ACB, fo near 
to the Point C, that the greater of its Sides fhould^ 
be nearly equal to QC, and the leffer to q C 5 
the Bafe Qq will be fo divided by a Line drawn 
from the Point of the Sphere to the Center E, 
that the Parts Q E and E q fhould be one to ano- 
ther. in the Proportion of the Sides QC and h e 
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And confequently, by VI. 3. of the Elements, the 
Line drawn from the Vertex of the Triangle 
through the Center E, will bife& the vertical 
Angle of the Triangle, and make equal Angles 
on both fides. From whence the Radij paffing 
through Q, becaufe that the Angles of Incidence 
and Reflection are equal, will be refle&ed to the 
Point q, and converfly. 9. E. D. 
- Prop. (2) Let ACB be the refracting Sur- 
face of a Sphere, the Center whereof is E. In 
B the Radius E C produc'd on both 
fides , let the Points 'T and t be Lat. page 8. 
markd; fo that as well E T as Ct C43 
(which are equal one to the other ) 
may be to the Radius EC, as the leffer of the 
Sines of Incidence and Refraction is to the Dif- 
ference of thofe Sines. Then let the Points Q 
‘and q be marked in the fame Line ; fo that TQ 
may be toETorCt, asEtistotq. But let 
the Places of the Points be fuch , that the Line 
tq may be on that fide of the Point which is con- 
trary to that fide which the Line T Q is on, 
with refpect to the Point T. Now, if the Focus 
of the incidence Rays be in the Point Q, the Fo- 
cus of the Refraéted ones will be in q. For by 
the Hypothefis, as T Q is to TC, fois E T to 
tq. Andby compounding, T Q is to T Q--IC 
—QC, asis E T—Ct to Ct +tq—=Cq; and 
by alternating, TQ: Ct::QC:Cq. And by 
" compounding and inverting TQ4-Ct-—QE:: 
TQ::QC +Cq=Qq : QC. Or Qq: 
QC:: QE:: QT. From whence, together 
with what Hugens hath demonftrated in his Diop- 
trics, page 26. &c. the Propofition is manifeft. 
o Prop. (3) Let ACBD ( Page 8. Cafe 4.) be 
a refra&ing fpherical Glafs on both fides Convex 
or Concave, or at leatt Planc-convex or Plano4 
concave, 
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concave, the Axis whereof ( or Line which cuts 
both Surfaces perpendicularly, and paffeth thro’ 
the Center of the Sphere) is CD. In the Axis, 
Jet the Points F and f be the Foci of the Er 


ed Rays, found as ‘above: "Thofe, to wit, which 
‘would agree to the Radii, parallel on both fides to 
the Axis, if there were only one refra&ing Sur 
face. Let the Line F f be bife&ed in the Point 
E ; and from the Center E, let à. Circle be de-| 
fcribd, with the Radius E P or Ef. Now, let. 
any Point Q O be the Focus of the incidentRays. | 
Let QE be drawn interfe@ing the former Circle | 
in the Points 'T and t, and let. the Point q be - 
marked in the fame Line, fo that the Line tq 
_ may be to t E, as the fame cE or its Equal T E is - 
to TQ. "Then let the Line t q-lie on that fide of - 
the Point t, which is contrary to that. which T Q | 
lies on, with refpec& to the Point T. Thus the - 
Point q will be the Focus of the refra&ted Rays; 
. of thofe, to wit, which are near to the Axis, of - 
which alone any Regard is to be had in thefe Ca- 
fes. For by the Hypothefis, TO: T E::tcE: 
tq. Therefore by compounding TQ: TE + TQ, 
=QE::tE:tE+¢q=Eq. From whence 
by V. 12. of the Elements, T Q::QE:: TQ. 
CEBREE-—QE:QE.L.Eq-—OQq: From whence, 
together with: what Hagens hath demonftrated im — 
Page 67. Cc. of his Dioptrics, the Propofition is — 
iianileft. -D 2954 :23)0 £107] Haile 
Prop. (4:)) "Thé Mixture’ of the Rays of the 
Sun in pt, a refracting Glafs (Book 1. Pape 46.) — 
is to the Mixture of the Rays of the Sun pafling — 
through an empty Hole, as the Breadth of the — 
fame Glafs"is/toó the Difference of the Breadcht 
and Length of it, or as ag. isto gm.  Fórletàh - 
be to am, “as ‘a¢@ is to AG. In this Cafe the — 
Space ah will be equal to all'the Areas of the T 
ee! Biwi ww er 
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(sr Circles, as being, in the duplicate Pro- 
portion of the Rays on both fides; And the 
Mnstáre of the Rays would be equal, if fo be all 
the leffer Circles did meet together in that Space. 
Bur fince they aré difpersd through the Space pt, 
the Mixture will be as gh to gm. From whence, 
fince the Mixture of the Rays in the Glafs P T, 
is to the Mixture of them as paffing through the 
empty Hole, as AG is to GM, or as ag to 8 h; 
and the Mixture in the Glafs pt; is to the Mix- 
ture. in the Glafs P T, asgh iscogm; by Per- 
turbarion of Equality, the Mixture in the Glafs 
pt will be to the Mixture which agrees to the 
ays paffing without Refraction, asag isto gm. 


A Prop. 5.) 1f a, Body in any given Velocity 
"whatever, fall upon a Space (fee Book 1. Page $7) 
‘of. an. inconfiderable Breadth, and terminated. on 
both fides with parallel Planes, and in its Paffage 
towards the remoter Plane, be attra&ed or im- 
pell'd. perpendicnlarly ; in fuch fort, that che at- 
tracing or impelling Force is either every where 
‘the fame, or«at leaft the fame at equal Diftances 
from that Plane ; the perpendicular Velocity of 
the Body, which hath now paffed that Space, 
will be equal to the Sum of the Squares of the 
" former Velocity, and the fquare Root of the Ve- 
-Jocity acquir’d in pafling through. But if the 
Body be retarded in its paffing through, the Dif- 
“ference of the fame Squares is to be taken inftead 
of the Sum of them ; and thus the Propofition will 
hold good. Ut follows from Next. Mathem. Principl. 

— Prop. 39. Probl. 27. Corol.2. ——. | 
|o Prop. (6.) Yt any Bodies'‘or’ Rays of Light 
"paffing through a Space, fuch"as before, and 
ES ded itf parallel Planes, be'aded upon in 
"their paffing with a like Force, but which is fome- 
ig '—. times 
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times greater, fometimes lefs; the 
Bok 2. Page Motion laft acquired will be in the 
71,72 fubduplicate Proportion of the Force, | 

which begets the fame; in fuch fort, 
that the Squares of the Motions will always de- 
termine the true Proportions of the fame. Let 
AB be a refracting Surface, or let it reprefenta 
Space of a Thicknefs not to be regarded, bounded 
with parallel Planes, which is of a refractive 
Force. And let IC be a Ray of Light falling | 
very obliquely upon the refractive Plane at the | 
Point C, fo that ACI the Complement of the | 
Angle of Incidence may be indefinitely fmall. | 
And let CR be the refra&ed Ray. From any | 
Point B, let the perpendicular BR be erected, 


cutting the refracted Ray in R. Where if CR. 
fra&ing Plane , and B R will be perpendicular d 


reprefent the Morion of the refracted Ray, which | 
is refolv'd into two Motions C B and BR ; that 

Part of the Motion C B will be parallel to the re- | 
the fame ; and fince the Motion along the Plane 

A B, is in no wife chang by the Force perpen- | 
dicular to the fame, C B will be given, by reafon : 
of the given Velocity of the Rays, which | 
here fupposd. And the Line BR will be a | 
Motion producd by the Refraction in a given | 
Time ; and it will be in the fubduplicate Propor- | 
don of the Force which produceth ir. For, be- 
caufe of the given Latitude of the refractive 
Space, the Times of the Tranfit in which the re« | 
fra&ing Force would act, will be reciprocallv as | 
the Velocities produced, or as the producing For- | 
ces reciprocally ; and becaufe of the Velocity, the : 
Force being given in the Proportion of the Times, 
the Line BR. would be as the producing Forces | 
reciprocally ;.and the Time being given, as the 


fame Forces dire&ly. Therefore neither being | 
i dee | . given, | 


ine- | 
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given, the Line B R. will be in the fubduplicare 
Proportion of the Forces; for then the Times 
‘and Forces being reduc'd unto an Equilibrium, 
‘neither will the Force preponderate che Time, 
nor the Time the Force; whieh no otherwife 
could anfwer each to other. Thus, indeed, if 
the Forces be put to be in a quadruple Proportion; 
a double Velocity will be. producd in half the 
"Time; or the Line BR will be double of the 
fame Line, and thus every where. .9. E. D. 
Prop. (7.) In the Solution of the Rainbow; 
the Arch QF and the Angle AXR will be the 
greateft, where ND is to CN, as V II—-R R. is 
to V 3R R. In which Cafe alfo, 2 R : I: : NE; 
ND; and the Angle A Y S, which is made by 
the Rays AN and HS, will be the leaft, where. 
NDistoCN,asvV II-RR isto V 8RR. In 
which Cafe alfo, 3 R : I: : NE : ND. Which 
twofold Propofition we will demonftrace with the 
Famous Sir Jfzac Newton, in his Manufeript Optic 
Lectures. —— MS 

Problem. 1f Rays, whether parallel or inclin'd 
towards fome common Point, do fall upon 2 
Sphere to be refracted there ; to defign che Con- - 
zourfe of the refracted Rays without the Axis, 
which are next to one another, and lye in the 
fame Plane with the incident Rays. Let AN (in 
Fig. 6. Plate 7.) be an incident Ray, NK the re- 
fra&ed Ray thereof; and N V in the Plane of the 
Triangle A NK, a right Line touching the Sphere 
in N. To AN draw NR perpendicular, and 
neeting the Axis AC in R: and RV parallel; 
ind meeting the Tangent NV in V. Likewife, 
lraw N Q perpendicular to NK, and V Q paral- 
i to the fame, meeting it in Q; and draw 
3c meeting N K in Z, Z will be the Concourfe 
XE the Rays neareft co AN. And let An be 

T another 
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another of the. incident Rays, infinitely near to | 
the former AN, and meeting NR in G.. Draw | 
nZ meeting NQ in H;. and to AN and N K, | 
let down from C the Center of. the. Sphere, | 
the Perpendiculars C D? and C E, meet | 
ing An and nZ in dand e. Now, ince AN | 
is fupposd to be infinitely near to An, the| 
Arch N n, which is infinitely {mall, may be rec-.| 
koned fora rightLine coinciding with the Tangent | 
N V ; and the Triangles-N Gn, N R V, as alfo | 
NHn, NOV may be accounted for like. Where- | 
fore it i; DC :: Dd: : CNR:NG::NV3) 
Nn::NQUN.H9-::A Cig Be... And comi 
verily, DC: (DC--Dd) dC:: EG:(ECA 
Ee) € C; and alternately, DC:EC::d Cz 
eC. But DC isto EC, as the Sine of Inctr 
- dence is to the Sine of Refraction, becaufe NK) 
is the refracted Ray of AN; and confequently | 
alfo, dC is to e C as the Sine of Incidence to 
that of RefraGion ; and therefore, fince the 
Angles D A d and E Ze be infinitely fmall, and: 
confequently Cd is perpendicular to An, and) 
CetonZ, or at leaft equipollent to perpendicu- 
lar; nZ will. be the retra&ed Ray of Am) 
Cord: (1.) ND:NE(orNP:NE)::N R3 
NO. ForN being drawn, becaufe of the 
Triangle NDC, like to the Triangle N R V3 
and the ‘triangle NEC Bike to the Triangle 
NOV:ii5 ND:NR(::NC:NV::NE 
-N OO: and alternately, ND: NE ;: NR : NO: 
Hence refults a more ready Solution of the Prob: 
lem; to wit, Ere& NR, N Q perpendicular “to 
the Rays AN, NK; of which two Perpendicd- 
dis, lee NR meet the Axis A C ; ahd’ let ‘the 
other NQ betoNR, as NT'isto NP.’ The 
draw Q C, which will meec with NK in t 
fought Point Z. aaa T Nodes sk 


am 
Pe 
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Coro. (2.)- Atisalfo thus; AN X DCXNE: 
ÁDXxECZ2ND::NZ:EZ. For AD: 
AN::D@:NR. And from thence NR = 
BENED ‘Likewift, N D:N E:: N R: NQ. 
TE Io ,. ANxDCxXNE 
And Lu BEUEP: NQ ADXND ^" 
And confequently, AN DCxNE: ADx 
NDXEC(Ó:NQ:ECO::NZ:EZ: 
| Coro], (3.) If A theRadiant Point be infinite- 
ly diftant, or fend forth parallel Rays; it being put 
thas, 1: R.: : thé Sine-of Incidence: the Sine of 
Refra&ion ;itwillbe Lx NF:RXxNP::NZ 
SE Z. For in this Cafe, A N and A D, fince 
they are infinitely long, ought to be reckoh'd for 
equal; and copfequently, by Corol. 2. of this; 
DCxXNEZjECxND::NZ:EZ. Butby 
the Hypothefis, D C: EC ::T:R ; and confe- 
quently Ix NE:RXND(:!NZiEZ):: 
NP:NFE Batit isto be noted, that che Refo- 
lution of,the Problem is éafily accommodated to 
any Cafe whatever, mutatis mutandis; whether 
the incident! Rays decline from fome one: Point; 
or incline to che fame, or fall parallel. | 
| Problem. (2,)» From parallel Rays refrácted un- 
to a Circle; to determine that Ray; Part where- 
of being included in the Circle, hath a given 
Proportion to that Part of the fame Ray réfracted; 
which is included in the fame Circle. Let AN 
be the incident Ray: ( fee Fig. r. Plate 8.) NK 
the refracted : N P and NF, the Parts of them 
included in the Circle : C.D and CE Perpendi: 
eulars let down to thofe Parts from the Center of — 
the Circle; and B C a Semi-diameter drawn pa: 
ralll to:AN. And let it be C D: CE : :I:R 
and NP;NFE::p:q. Thefe Things being put; 
Y Pu thar 
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that the Point N may be found, which determines — 
the Rays A N and NK ; erect at B C the Perpen- — 
dicular B X, and let the Square thereof be to the — 
Square of BC, as UY P is to CLOS Thus | 
C X being drawn, will eut the Circle in the | 
fought Point N. For by the Hypothefis p iq - 
(::NP:NE::) ND::NE. AndI:R ig | 
CD:GE. Wherefore SN D=NE; and : | 
CD= CE. Furthermore, fince N D q+CDq : 
(=NCq)=NEQG+CEq; take from 
hence NDa+CEq,.and there will remain - 
© Dq—CEq=NEq—NDgq; that is, by 
{ubftituting the Values of C E and N E, juft now - 

RR a 
found, C D q-—- 37 CDq: Eit NDq-— 


II 1 
N D q; and by making a Reduction us LT RR 


ist 


CDq, = P TÉ N D q. | Which being re- 


folved into Proportionality, S3-PP : iss 2 


(::CDq:NDq) s BXq:BCq. QED. 


April 8. 1706. 


LrcTi 
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OR edi XXVI. 


Problem ( j)EN a * HE Sun enlightning a 
KL d tranfparent Snhde: to de- 
| so T €* termine the greateft Incli- 
& nation to the Axis of the 
| “<* Rays emerging after one 
Refle&ion. Let B N K (in Eig. 2. Plate 8.) be 
the propofed Sphere: B Q the Diameter, or the 
Axis parallel to the incident Rays: A N fome 
one of the incident Rays: NF the refra&ed Ray 
thereof: FG the refle&ed : and GR the again 
refracted; and thus the greateft Angle, which 
RG can make with the Axis BQ, 1s to be 
fought.: ... 
- To which purpofe it is to be obferv'd , that in 
that Cafe alone, where RG is the moft of all in- 
clind to BQ, the Rays which are the neareft to 
AN, can emerge parallel to R G. For in other 
Cafes, of the emerging Rays neareft to it? fome 
are continually more inclin'd to BQ, others lefs; 
and confequently are fomething inclin'd to one 
another. |. 
It is alfo to be obferv'd, that the Rays which 
- meet at the Point of Reflection, will emerge pa- 
rallel.. For draw an parallel co AN, and as near 
to itas may be; and let nf be the refra&ed Ray 
thereof, fg the refle&ed; and gr the fecond re- 
frac&ed one. And the Points F and fcoinciding, 
when the Angles NF n and GF g are equal; 
and the Refractions at N n and Gg be like, the 
emerging Rays G R and gr will be parallel, as 
well as the incident N A and a n. 
. The Ray AN is therefore to be fought, the 
refracted Ray whereof concurs with the refracted 
43 . one 
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one of the Ray an, which is neareft to it in the | 
Point F. And indeed ,. by Corel. 4. Problem x. | 
(if C D and C E bé let devin from the Center of | 
the Sphere per pendicular to the Rays, and it be- | 
ing put I: R: s€-D™ SC E) If tiofe Rays | 
meet imany Point Z,itwill be Tx NE:RXxNP 
CioNZ:EZ)s: NB: EE, (the Point Z,, to | 
wit, falling at F, according to the Hypothefis,) | 
da 131 Wherefore PN Tu Rx NP; and | 
fi2R::NP:NB) The Proportion “therefore . 
of NP to NF is given’; and from thence; by the | 
2d Problem, the Point.N will “be! given. To 
wit, Let the Tangent B X be drawn‘ atthe Top 
of the ‘Circle, the Square whereof leér it be to the | 
Square of the Semi-diameter BC, as4 RR—TE | 
is tolT—RR, anddereOX be dai. © For this | 
wil meet the Circle in N ; and from N when | 
found, ‘the other things will eafily be determin'd, | 
Corel, (i. ) Henceitcomesto bethüs; ? R Ri | 
IL-RR::CNq:NDq. For fincé. it is; | 
AC RSR mE : [LR R: “BX qi Beg, by 
compotinding it will pak 3 ROR ST PAR RO 
(::CXq:BCq): C Nq: NDq^ ^ 
Coral: (zi) It is aie) T:zR?N D: NE: 
For it was above I: 2R : SNP: NF. And from | 
thefe the Refolution of the Probléni becomes — 
iore expeditious. | 
Schalium. . With the greateft Inclination of ehe] 
Radius RG,’ the greatéft. of the^ ‘Arches TO 
bounded.at the refraéted ones NF; ‘is alfo given, 
For the Angle FCO faübtended by FQ) is equal | 
to the Angle which CF and AN comprehend, 
i.e. equal to half of the Angle comprehended 
by R Gand AN, or BO; and confequently that’ 
which is defin'd by the Ray A N falling upon the — 
Point: which i is now. Ad ds id presen of the 


Arches 
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Arches F Q, as well as of the Angles compre- 


hended by R G and BOQ. 
Problem (4.) The Sun illuftrating a pellucid 


“Sphere, to determine the leaft Inclination to the 


‘Axis of the Rays emerging after two Reflections. 


"Let AN and an be two incident Rays very 


near to one another; and let them, after two 
Reflections#n Ff and Gg, emerge along H 5 and 
hs. Now it is manifeft, that only in chat, Cafe 


where the acute, Angle comprehended by B O and 


$ H is the leaft, thofe Rays HS and hs can be 


parallel, as was faid before of the Rays G R and 


r: And where this happens, the Ray FG will 


- be paralle! to fg. From whence,double the Arch 


* 


Ef(-tothe Arch Ff + Gg = to the Arch 


EG-—fg— to the Arch N F—nf) is = to che 
Arch n N-—F f; and confequendy criple the 
Arch E f= isequal tothe Arch Nn. And fince 
N E is divided in Z, in the Proportion of thofe 


"Arches, asis manifeft ; N^Z will be — to 3 Z "d 


or 3 EZ. Since therefore by Corol. 3. Problem 1. 


TxNE:R*NP::NZ:EZ::23:1r. 


therefore che Proportion of NP to NF is given; 
and from thence, by Prob. 2. the Point N will be 
iven, by drawing B X, which may touch the 


Circle in the Vertex B ; and the Square whereof 


is to the Square of BC, as 9 R BR—II3 to 


TI—RR: and by drawing CX to meetthe Cir- 
" cumference in N. N therefore being found, the 
- other things are eafily determined. p. 


Cool. (1.) Hence itis, 8 RR: IHT—RERL 
CNq:NDq. for HRIRSSPTPIDIUCR T 
BXq:BCq And by compounding 8RR: 
II--RR(:CXq;BGCq)::CNq: NDq. 

meee e.g) TE UIS ao thus: I: z R:: ND: 
NE. Forafmuch as above itwas, I:3 R:: NP: 
NECS | 

Du rg A Scho- 
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A Scbolium. The greateft Inclination of the 


Ray K T to the Axis, when it emerges after three - 


Reflexions, will be determin'd in the fame man- 
ner.as the greateft of the Arches Q G ; to wit, 
in that Cafe F G and f g will meet together in G, 
: and the Areh Ff (— to the Arch F g—f g— to 
the Arch NE —n f) will be equal to N n — Ff: 
and from thence doubled, the Arch; EF f. will be 


— to the Arch N n and N Z will be equal to 


2 'ZF, and confequently 4:1::NZ:EZ:: 
(by Corol. 3. Prob. x.) Ix NNFIRXNP::or 
I:4R::NP:NF. Andconíequently by Prob, 
the 2d, 16 R R— II: II—R R :: B Xq: BCq. 
- From whence it follows, xz RR: II—RR:: 


CNq:NDq;andI:4R ::ND:NE. . © 
And fo if the leaft Inclinacion of a Ray emerg- 


ing after four Reflexions be enquir’d, it will be 


determin'd by making it thus; 2; R R —lI: 
II-RR::BXq:BiCq. Or 24 RR: LI—RR 


::C Ng: NDq.. And I: ; R::ND:NE. | 


And fo on i» infinitum. 


Scholium. From. the Determination of the © 
Bounds of the Rainbow by the Famous Newton, | 


Y will take occafion to folve a certain Phenome- 


non, or rather the Abfence of a certain Pheno- | 


menon, which fometime hath feem'd to me very 
difficult, and almoft infolvable. And it is this; 


Why we do not fee a Rainbow about the Sun, at 


the Diftance of about 26 Degrees ; fince there 
the Rays come to our Eyes by a double Refracti- 
on without, any Lofs in the Reflexion? For by 
. Computation, there is in that Place a Conftipa- 
tion of the Rays requifite and fufficient for affeQ- 
ing the Sight. And it increafeth the Doubt, that 


it feems probable at the firft that this fhould be | 


the principal Rainbow of all, and decked with 


the moft lively Colours, as proceeding from a ' 


double 


Mathematical Philofopby. 281 
Jouble Refraction, without any Lofs or Diminu- - 
ion of the reflected Rays. For, as the Primary 
Rainbow doth far exceed the Secondary, for that 
it proceeds from a double Refraction, and one 
ingle Reflexion, whereas in the Secondary there 
are two Reflexions; fo one would think, that the | 
Rainbow which we {pake of, fhould, in the Splen- 
dor of its Colours, as much exceed the Primary 
one of the two laft mention’d, as thac doth the 
Secondary ; and fhould appear about the Sun like 
3 moft noble Crown, whenfoever the Air affords. 
[pherical Drops-in that Angle of 26 Degtees for 
making a Rainbow. And it is to be admir d, that 
this Difficuley hath never been touch’d upon by 
thofe Philofophers that have treated of the Rain- 
bow. But our Solution of it is this: We do 
therefore fee the Rays that are throng’d about the 
Limits F and G, rather than the other, becaufe 
fo many of them, as AN an, which enterd the 
Drop of Rain. parallelwife, return back in the 
fame manner, as R G, rg: SH, sh, and fo enter 
the Eye together ; whereas on the other hand, 
unlefs they did. come forth alfo in that parallel 
manner, they would make fome Angle, and. fo 
sould not enter the Eye together, how thick and 
hrong foever they might otherwife be about the 
Point F and G. From whence, feeing the Rays, 
which come forth about the Point F, do not go 
forth parallel, but make a certain Angle; it is 
nanifeft, that they cannot enter the Eye together; 
ind confequently cannot afford a Rainbow. ; 
LVI. All the Parts of an Homogeneal Ma-. 
hematical Fluid, [ that is, a Body, the Parts 
whereof yield to any Force whatever imprefs'd; 
ind in yielding are eafily mov'd amongft them- 
elves, | which Fluid is inclosd in any unmov'd 
Veffel, and prefs’d on every Side, are (if you fet. 
; TNR afide 
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afide the Confideration of Condenfation, of Gra 
vity, and of all Centripetal Force) equally prefs’¢ 
on all Sides; and remain every one of them ii 
its Place; without any Motion arifing from tha 

Preffure. | | i 
"Cafe (1.) Leta Eluid, contain'd in a fpheri. 
cal Veffel, be uniformly prefs?d together on @ 
Sides: No Part of the fame will be mov'd by tha 


c 


But they cannot all come to the Center, but the 
Parts about the Center muft be condens'd, which 
is contrary to the Hypothefis; nor can they re 
cede farther from it, but there will be a Coriden- 
fation about the Circumference, which is like: 
wife contrary to the Hypothefis : nor can they be 
mov'd in a Circle about the Center ; for evéry 
Force which fhould determine the Motion of any 
one Part, or of them all laterally, and to either 
this Side or that, is here excluded; much lefs can 
the fame Part be mov'd contrary ways at che fame 
time. Therefore no Part of the Fluid will, in 
this Cafe, be mov'd out of its Place. 9. E- Dv 
Café (2.) | Each of the fpherical Parts of this 
"Fluid are equally prefs'd on every Side. For let 
EF be one of chofe Parts; and if it be not equally 
prefs’d-on all Sides, let the leffer Preffure be 1n- 
creasd; until the Preffure be every where uniform 
and equal ; and then the Parts thereof, by che rft 
Cafe (which belongs as well to this little Sphere, 
as to one contain’d in a folid Veffel ) will remain 
in their Places. But before that Increafe, ie 
" would temain im thenfPlaces by the wipe $ 
ale : 
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Parts whereof, as we there demonftrated, | ài Tpé- 
main in their Places’: ) and by the Addition of a 
new Force, they will be mov'd out of their Pla- 
ces by the Definition of a Fluid : Which two 
Things are contradi&ory. "Therefore it. was 
falfly faid, that the Sphere E P was not equally 
prefsd on every Side. 2. E. D. 
bn Cafe (3.). Befides, the Preffure of the. diviti 
fpherical Parts will be equal. For the fpherical 
Parts prefs each other equally in the Point’ of 
€ona&, becanfé that Readion is always equal 
and contrary to Action. Bat alfo by the 2d Cafe, 
all the: fpherical Parts whatever, are equally 
E d on all Sides.. "Therefore any two fpherical 
arts, not contiguous, are prefs d with the famé 
Force, becaufe he 
toucheth both. ° 
"Cafe (4.) Kil D diis of chis Fluid are equal- 
RES on all Sides. For any two Parts may 
touch’d by fpherical Parts in any Points what- 
foever ; and there they do equally prefs thofe 
foherical Parts by the 3d Cafe ; and becaufe of Re- 
d&ion, which is always equal to A@ion, they are 
reciprocally equally preffed by them. $9. E D 
T Cafe (s. Since therefore any Part whateyég 
Of this Fluid, as GHI, is inclofed in the reft of 


3 imermediate fpherical Part 


the Fluid, as in a'certain Veffel, and is equally 
prefe'd « on every.Side ; and the Parts thereof do 
É ually prefs one another, and are at reft among 
mfelyes ; it is manifeft, that all the Parts of 
E Fluid whatever, as G H L do equally prefs. 
tie mag , and are at reft among themfelves. 


y acr ( 6.) .Therefore, if that Fluid be inclos 'd 
a Veffel which is not rigid or unyielding, and 
be not equally - prefi'd on every Side; the paid 
will 


€afe ; [for we treat here of fuch a Fluid, the , 


284 - Mathematical Philofophy. 


will give way tothe ftronger Preffure by the De. 
finition of Fluidity. | ! M ox 

Cafe (7.) Therefore, in a rigid Veffel, a Flu. 
id will not fuftain a ftronger Preffure on one 
Side chan on another ; but will give place.to the 
fame: and that in a moment of Time, becaufe! 
the ftiff Side of the Veffel does not purfue the 
yielding Liquor. But in yielding, it will prefs 
the oppofite Side ; and fo the Preffure will incline! 
to an Equality on every Side. And becaufe the! 
Fluid, as foon as it endeavours to depart from the. 
Part which is more prefsd, it is ftopp'd by the! 
Refiftance of the Veffel on the oppofite Part, the. 
Preffure will on every Side be reduc'd to an Equa- | 
lity in a Moment of Time, without local Mo-. 
tion; and immediately the Parts of the Fluid | 
will, by the sth Cafe, prefs one another equally, | 
and be at reft amongft.themfelves. Q.E.D. — 

Corol. Hence the Motions of the Parts of fuch | 
a Fluid amongft themfelves cannot be chang'd | 
by a Preffure, which is upon the external Surface 
of the fame in any Place thereof, unlefs either | 
the Figure of the Surface be fomewhere chang’d, | 
or all the Parts of the Fluid, in preffing one ano- | 
ther more vehemently, or more remifsly, flide 
more eafily or difficultly amongft themfelves. | 

Corol. (2.) But fince the Definition and Affe- | 
&ions of this Mathematical Fluid do feem altoge- 
ther to agree with the Nature and Phenomena 
of natural Fluids; it is reafonable, that the De- | 
monftrations of thefe Cafes be applied to our na-* 
tural Fluids, to. Water efpecially, and the like. 
From whence it will be manifeft, that the reft of | 
the interval Parts of a Fluid amongft themfelves, 
doth in no wife contradi& the Nature of Fluidi- | 
ty; and that all che Motion of the Parts of Fluids | 
amongft themfelves, isto be reckon'd as owing to | 

ermen- 
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Fermentation, Heat, or other extrinfick Caufes, 
lather than to the Nature it felf of Fluidity. 
For, if the Parts of a Body be either fpherical, 
lor fpheroidal, and perfectly polifh’d; fo that they e 
ican never be join'd one to another, but rather do 
jonly touch another in phyfical Points; a Conge- 
ities of thefe Particles will compofe a Body, fuch 
las is commonly call’d a Fluid, altho’ thofe Par- 
ticles be altogether at reft amongft themfelves: A 
[Fluid therefore feems to confift of Parts very 
moveable, but not neceffarily mov'd., 


| ffune 2. 1796. 
$6$5$6566000000L000006:068 
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LVILS (T 4 F all the Parts of a fpherical 
L preys homogeneous Fluid, dhich are 
(0X9 T €? ac equal Diftances from the 
$ Center, and lie upon a concen- 
| 4 trical, fpherical Bottom, do e- 
qually gravitate towards the Center of the whole ; 
the Bottom fuftains che Weight of a Cylinder, 
the Bafe whereof is equal to the Surface of the 
Bottom ; and the Altitude is the fame as that of 
the Fluid, which lies upon the Bottom. 

| Let (in Fig. 4. Plate 8.) dh m be the Surface 
of the Bottom, and ae i the upper Surface of the 
Fluid. Let the Fluid be diftinguifhed by innu- 
merable fpherical Surfaces, into concentrical 
Orbs of equal Thicknefs ; and imagine the Force. 
of Gravity to act only upon the higher Surface 
of every Orb, and that the Actions upon equal 
| Parts 
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Parts of all the Surfaces are equal. The upper: 
 moft Surface therefore aei, is prefs'd by the fim- 
ple Force of its own Weight,wherewith as well all 
» the Parts of the fupreme Orb , asthe 2d Surface 
bf k(by Prop. $6.) are prefs'd.. Befides, the 2d Sura 
face bfl is prefs'd by the Force of its own) 
Weight, which being added to the former Force 
makes. a double Préffure. By this Preffure, and 
by the Force of its own Weight withal, that is, 
by a treble Preffure; the 3d Surface cg lis urg'd s 
And fo the 4th Surface is urg’d with a fourfeld. 
Preffure, the sth with a fivefold, and fo on. The 
Preffure therefore wherewith every Surface” : 
urg’d, is not as the folid Quantity of the Fluid 
which lies upon it, but as the Number of Orbs. 
unto the Top of the Fluid; and is equal to the 
Gravity of the loweft Orb, multiplied by the. 
Number of Orbs; that is, to the Gravity of thé 
Solid ; the laft Proportion whereof unto the be- | 
fore-defin'd Cylinder (if fo be the Number of 
Oibs be increas'd,. and their Craffitüde dimini(hid: 
infinitely ; fo chat the Action of Gravity be ren-.- 
derd continual from the loweft Surface to the 
uppermoft) will become a Proportion of Equality. 
The loweft, Sunface, therefore fuftains:the Weight . 
of a Cylinder, the Bafe whereof is equal to the: 
Surface of the, Bottom; and -the Altitude. the! 
fame as that of the Fluid lying upon it, :2:E.D.' 
And by the. like; reafoning the Propofition is’! 
manifeft, where the Gravity decreafeth in any’ 
Proportion of.«the, Diftance from the Center, 
which may be affign'd ; as alfó where: the: Eltido 
upwards is more. rare, arid more denfebeneath. ^ 
Aker Dog. oi yp 2d0ehin® Testis deum 
Corel. (1.)- The Fluid therefore is hot urg'd:by: > 
the. whole. Weight! of; the ingunibent Flnid 5" but > 
fuftains only, thar Patt of. the Weight, p vy 
Yun | | defin 
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lefin'd in this Propofition ; the reft of the Weight 
ring fuftain’d by the arched Figure of the Fluid. 
| Gorol. (2.) If an entire Sphere confifteth of — 
uch a Fluid to the very Center, the Center will . 
uftain no Weight; the whole Weight being up- 
reld by the arched, or rather in this Cafe by the 
pherical Figure of the Fluid. 

 Corol. (3.) But in equal Diftances from the 
Senter, the Quantity of the Preffure is the fame, 
whether the Surface be prefs d parallel tothe Ho- 
rizon, or perpendicular, or obliquely ; and whe- 
ther the Fluid, as continued upwards from the 
Surface prefs'd, arifeth perpendicularly according 
ip a right Line, or creeps along obliquely by 
crooked ‘Cavities and Channels, and thofe regu- 
lar or never fo irregular, wide or narrow. ‘That 
the Preffure is nothing chang’d by thefe Circum- 
ftances, is gathered by applying the Demonttra- 
tion of this Propofition to every Cafe of Fluids. 

- Corol. (4.) By the fame Demonftration ( and 
Prop. 56. foregoing) it is colle&ed, that the. Parts 
of an heavy Fluid acquire no Motion amongft 
themfelves from the Preffure of a Body lying up- 
on them; if fo be the Motion which arifeth 
from Condenfation be excluded. 

Corel. (s.) And therefore, if another Body of 
the fame fpecifick Gravity, which cannot be con- 
densd, be immerg'd into this Fluid, it will ac- 
quire no Motion from the Weight of the Body 
lying upon it; it will not afcend nor defcend ; 
nor will ic be compell'd to change its Figure: If 
it be fpherical, it will remain fpherical ; if fquare 
it will remain fo, the Preffure notwithftanding ; 
and this whether it be hard or foft, or.even the 
moft Fluid ; whether it float freely in.the Fluid, 
or fink: For every internal Part of tbe Fluid. 
hath the Nature of a Body immersd; ad the 

ame 
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fame is to be faid of it, as of all Bodies irtinierg'd, 
which are of the fame Magnitude, Figure, and 
fpecifick Gravity. If she Body immerg’d fhould 
- become liquid, keeping its Weight ftill, and put 
on the Form of a Fluid, if it before afcended or 
defcended ; or from the Preffure put on a new Ei 
gure, it would do the fame ftill ; and that becauft | 
the 'Gravity thereof, and the other Caufes of 
Motion, do remain. But by the sth Cafe of the 
former Propofition, it would now reft, and retain 
its Figure: Therefore it did fo before alfo. 

Corol. (6.) Therefore a Body, which is fpeci- 
fically more heavy than the Fluid which is con- 
tiguous to it, will fink ; and that which is fpeci- 
fically lighter will afcend, and will obtain fo 
much Motion and Change of Figure, as that’ 
Excefs or Defe& of Gravity can caufe. For that. 
Excefs and Defect hath the Nature of an Impulfe; 
wherewith the Body, otherwife conftituted in ait 
Aquilibrium with the Parts of a Fluid, is urged ; 
and may be compared with the Excefs or Defe& | 
of Weight in either Part of a Balance... | 

Corol. (7.) Therefore the Gravity of Bodies ' 
placed in Fluids is twofold, the one true and ab- | 
folute; the other apparent, vulgar, and compa-. 
rative. The abfolute Gravity is that whole Force 
whereby a Body tends downwards, or would de- | 
fcend in an empty Place. The relative and vul- 
gar Gravity is the Excefs of Gravity, whereby a 
Body doth tend more downwards than the Fluid | 
that encompaffeth it. The Parts of Fluids, and. 
of all Bodies, gravitate in their proper Places 
with the former Sort of Gravity ; and therefore 
with their conjoin'd Weights, they compofe the. 
Weight of the whole. For every whole is heavy; : 
as may be experienced in Veflels full of Liquors ; 
and the Weight of the Whole is equal to the 


| 


Weights 
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Weights of all the Parts, and therefore is com- 
pounded of the fame; for it can be deriv'd from 
no where elfe. With the other Sort of Gravity, 
which may be called apparent, vulgar; and com- 
jrative, Bodies do not gravitate in their own 
laces, or immersd in their Fluids refpectively ; 
that is, compar'd amongít themíelvés, are not 
one heavier than another, but hindering the 
Endeavouts’ of one another to defcend, they 
ibide in their own Places, as if they were not 
xeavy : Like as any heavy Bodies whatever, pla- 
sed within a concave Sphere from the Equality o 
Sravitatión every way , do appear in no wife to 
sravitate , as was obferv'd above. Thus the 
things which are in the Air, and do not over- 
weigh, or defcend at all in the Air, as Clouds and 
Vapours are judged by the Vulgar not to gravi- 
ate at all. What things overweigh the Air, and 
sonfequently defcend in it, as not being fuftain’d 
yy the Weight of the Air, as Hail and Drops ot 
lain; thefe the Vulgar judge heavy.’ The vul- 
rar Weights are nothing elfe, but the Excefs of 
he true Weights above the Weight of the Air. 
"rom whence alfo thofe things are commonly 
ffteem'd light, which are lefs heavy; and whilft 
hey give way to the Weight of the Air, afcehd 
ipwards. “And they may be {aid to be compara- 
ively light, but not abfolutely, for that they 
vould defcend in a Vacuum. So likewife in Wa- 
er, the Bodies which afcend or defcend by rea- 
on of their leffer or greater Gravity , are com- 
aratively and apparently light and heavy ; and 
heir comparative Levity or Gravity is the Defect 
ir Excefs wherewith their true Gravity either is 
Xceeded by the Gravity of the Water, or doth 
xceed it. "But ge things do neither afcend nof 
lefcend, albeit’they by their true’ Weights in- 
- ll U creafe 


| 
: 
: 
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creafe the Weight of the whele; yet compara- 
tively, and in the Senfe of the Vulgar ( and of 
Philofophers too of late) they do mot gravitate 
in the Water: For the. Demonftration of thefe 
Cafes is the fame. | Loff svi 
Coro, (8.) 'Thofe things which ‘have. been 
faid concerning Gravity, and the Force whereby. 
Bodies defcend to the Center of the Earth, in 
. either an abfolute, or reciprocal duplicate. Pro-- 
portion of the Diftances, are to be underftood to. 
hold in all other Centripetal Forces both abfolute, 
and increas'd or diminifh'd, according to any Pro- 
portion whatfoever of the Diminution or In-. 
creafe of the Diftance. | os NE 
Corol. (9.) And therefore, if the Medium, 
wherein any Body is mov'd, be urg’d either with. 
its own Gravity, or any other-Centripetal Force ; 
fo chat the Body, by means of the fame, is pufhid 
on more forcibly than otherwife it would be; 
the Difference of the Forces is to be eftimated 
from.that moving Force which, in what goes 
before, we have confider'd asa Centripetal Force. 
But, if the Body be urged more lightly, the Dif- 
ference of the Forces is to be reckon’d for a Force 
which tends from the Center. PA] 
. Corel. (10.) Since Fluids, in preffing the in- 
cluded Bodies, do not change their external Fi- 
gures; it is manifeft, by the Corollaries of the 
foregoing Propofition, that they will not change: 
the Sicuation of the internal Parts amongft them- 
felves; and confequently. will not hurt Animals 
immers'd in them, neither, will they. excite any 
Senfation in them, if Senfation. depends upon 
the Motion of the Parts; only fo far forth as 
thefe Bodies may be condens'd by a Compreffion, 
which is on all Sides of them: And the fame is 
to be faid of any Syftem of Rodics (a7 oa 
which 
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Which is encompafs'd with fome Fluid, and com- 
prefsd chereby. As to the Parts of. the Syftem, 
and their Motions, it will be the fame as if it 
was ina Vacuum; and they will retain only their 
comparative Gravity, unlefs the Fluid do refift 
NÉ. Motions, or be neceffary to thé keeping 


hem together by its Compreffion. erp so RN 
. LVI. Fluids, which are not in 4 Defcent, 
do in every givén Bafe prefs chemfelves, and 
other Bodies , as well thofe which are itumers'd, 
as the containing, in Proportion of the perpen- 
dicular Altitude, and not of the Quántity of the - 
Mattér ; that is, the Preffure of a Cylinder of 
Water, of the Heighth of foür. Feet, where the 
Area of the Circle of the Cylindrical Column is 
only of one Inch fquare, is equal to the Preffure 
of a Cylinder of Water of four Feet high, 
where the Area of the Citcle of the Cylindrical 
Column is of 260 of rcoo fquare Inches, and 
thus every where i to wit, if the Bafe of the 
Water, communicating with the Water contained 
in the Tube, be in both Cafes equal. This is à 
moft known Rule in Hydroftaticks, often found: 
by Experiments, which Í fhall endeavour to de- 
monftrate as follows, it not having been demon- 
flrated hitherto, as I fuppofe, phyfically or ma-' 
thematically. Ic is well known, that the Quan-’ 
tity of any moving Force, or the Effe& an{wer- 
ing thereto, doth arife from the Quantity of thd’ 


Matter multiplied into the Velocity ; and confe. | 


quently chat whatfoéver the Mattér which i$ ^- 
mov'd be, asto its Quantity, the Preffüre will be 
the fame, if the Velocity be reciptocally propor- 
tional thereto. Thus the Forces of the Balance, 
Leaver, and other fuch mechanical Inftrumentcs, . 

is deriv’d from the Combination of thefe two - 
things, the "Matter and the Velocity: and you ^ 

E U 2 bs may 
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may move any Weight whatfoever, by any Force 
how fmall foever, if the Diftance of the Preffure, 
or fmaller Weight from the Hypomochlion, bé . 
reciprocally proportionated to that of Weights. 
Thus one Poundweight , at the Diftance of four 
. Feet from the Hypomochlium, is as much as four 
Pounds at thr Diftance of one Foot ; for here tha 
fingle Pound is mov'd with a. Velocity, which is 
fourfold of that of the other; and confequently is - 
of equal Force in its Motion... Whilft it is moving, 
I fay, but not otherwife, as many feem to reckon. 
For if at any time the Machine refts, it is mani- 
feft, that the Gravity, or Preffure, or Force, is 
now. in. Proportion to the Matter, and the four 
. Pound weighris four Pounds, and the one Pound 
weight. no. more than one Pound. [If at any 
time thé Machine refts, Tfay. For indeed, if we 
fpeak phyfically,. or at leaft. mathematically, no: 
Body doth wholly reft; but every Body is then. 
faid to reft, when the Quantity of the Motion is. 
fo fmall, that it cannot be perceiv'd.] According 
therefore. to what hath been faid, the Water con- 
tain'd, and the Veffel alfo which contains it, are. 
always in fome fore of Motion, and do never per- - 
fe&ly reft ; [ which indeed if they did, a Column © 
of Water, as I fuppofe, that is, an hundred-fold. 
greater, and confequently of an hundred-fold 
greater abfolute Gravity, would prefs the Veffel | 
an hundred-fold more: ] But the abfolute Reft — 
of the fame not being to be fuppos'd, it is to be, 
faid, that the Preffure of a Column of Water, , 
the. Area of the Bafe whereof is of one Foot, . 
and that of a Column whofe Bafe is 100 Feet. 
fquare, isthe fame; while the Excefs, to wit, of 
the latter Column, in refpe& of an hundred-fold 
Magnitude and abfolute Gravity, is compenfated — 
and counter-balanc’d by the Rodis joi pM 
2° 1 | TIPO 
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Velocity of Defcent in the leffer Column: And 
that the Cafe is the fame here with chat of ‘an in- 
verted Syphon of unequal Legs, where the Wa- 
ter keeps an /Equilibrium, by reafon of the Ve- 
locities of Afcent or Defcent, which are in both 
the Channels reciprocally proportional to the 
Quantity of the Water. | 
Corel. (1.), Fluids therefore prefs, not in Pro- 

‘portion of the Quantity of the Matter. preffing, 
but of the perpendicular Alticudes. 

Corol. (2.) Therefore a Wooden Trencher, 

thruft down to the Bottom of ‘a Bucket of Water, 
will rife to the Top, notwithftanding the Quan: 
tity of the Water which lies upon it is much 
greater than that which is under it; for by reafon 
"of the Commiunication which is, by the fmall In- 
terval that is betwixt the Edge of the Trencher 
and the Bucket, betwixt that little. Cylinder of 
Water that is under the Trencher, and that Cy- 
linder which is above it; che Weight of the in- 
cumbene Water will make that which is under, to 
lift up the Trencher with a Force equal to the 
faid incumbent Weight. /— Br, Mea gede the 

Corol. (3.) ' There is no Occafion therefore for 
thé Hylarchi¢ Principle of the Famous Dr. Are, 
for the folving this Effet. "^ —— — Ax 

Corol. (4-) "Thus it is with Pluids not actually 

"defcending. But if they, with the Veffel con- 
taining; do by the common Force of; Gravity of 
them all a&üally defcend ; the Communication 
of the Preffure, as I füppofe, paffeth away, and - 

the Effe& thereof ceafeth ; but this fo, that even 
ftill, as in the former Cafe, the Preffure is ac- 
cording to the perpendicular Altitude, and is the 
fame where that Altitude is the fame, whatfoever 
the Column’ is otherwife, as to its Magnitude, 
whether little or great: So that at length we 
pau. U 3 may 
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may make the Propofition. more univerfal, and - 
fay, without any Reftsi@ion, that Fluidsdo prefs 


according to their perpendicular Altitudes, and 
mot according to the Quantity of the Matter. 


| November 11. 1706, :. 


LIX ACS YPSE the Denfity of a Fluid, com. 


Eie & preffion; fo that if the preffing 
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Cube, equal’to db thé! Square of the Side of the 
leffer Gube.’ And by the Hypothefis, the Pref- 
fure wherewith the Square D P urgech the inclo- 
fed Flüid'( or-is urged thereby ) will be to the 
Preffure wherewith che Square'd b urges its inclo- 
fed Fluid, as the Denfities of the Medium are to 
each other; that is, abicub. to AB cub." But 
the Preffure: wherewith the Square B D urgeth 
thé inclofed’ Fluid, 1$ to^that wherewith the 
Square DP urgeth its Fluid,‘ as the Square D B is 
to the Square-DP, or as'ABd isto abq. There- 
fore, by Equality, the'"Prteffure wherewith the 
Square D B urgeth its Fluid, is to that wherewich 
the Square d b urgeth its Fluid, asa b is to AB; 
or reciprocally, as the Diftance of the Particles. 
For the triplicate Proportion of the Sides a b and 
NA B, ‘being fubftra&téd from the duplicate Propor- 
tion of the fame; the fimple Proportion of the 
Sides, or the Diftance of the Particles, remains 
reciprocally proportional to the Preffure of the 
fame upon the Veffel containing. As for Exam- 
ple: ‘Let the'greater Cube be eight-fold of the lef- 
fer, or che-Side of the greater double or the Side 
of the leffer. “Then indeed; che Denfity of the 
Fluid, in the*leffer Veffel, will be eight-fold of 
the Denfity in the greater, by reafon of the fame 
Quantity of Matter contain’d in an eight-fold 
lefs Space. ' And when by the Hypothefis, the 
Conipreffion' into the given Space was made ex- 
a&ly^proportional to the Denfity, the whole 
Compreffion, or the compreffing Force, adequate 
to the famé in the leffer Cube, will be in the 
eight-fold Proportion of the Comprefiion, or 
comprefling Force, in the greater : But the en- 
tire Surface, wherewith the Compreffion, or the 
- Surface of every Square in che léffer Cube, is to 
the Surfacé of every’ Homologous Square in the 
TRU PS Ua greater, 
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Preater; in a fub-quadruple Proportion. The. 


-ightfold Preffure therefore is, to be compared 


with another AAT -of che fame; Particle, dif. 
pers; into a four-fold greater Space, , Therefore, 


in 3 Space four-fald lefs; the fame Quantity. of 
Matter, or the fame Particles of the Fluid; fuftain 


an; eight-fold: Preflure; | wherefore, every. fingle 
Particle muft needs ínftain a. Preflure two-fold 


greater; or, that. the; Centrifugal Forces of the 


Particles fhould: be. reciprocally, proportionol, to 
the Diflances of the fame, Q.E.D, o 


* 


diftinguifh'd into two; Parts. ;.-hefz ‘will. mutually 


prefs cach other with thefame Force, wherewith | 


they are, prefs'd by.the Planes A C, acs that ds. 


in the Proportion of 2 b-to 'À B.; and confequent- 


ly che Centrifugal Forces, whereby, thefe Preflures | 
are. fuftain'd, arevin che, fame:Proportion. Bes. 


caufe of the fame Number; and the fame Situas 
tion. of the Particles in, both the Cubes, the cons. 
yunct Force with all the, Particles exercife upon — 


all, accotding to the-Planes.F GH; £e-H; «are as 


» Thus if, by the.Planes FG H, fg b drawn 
through. the midft: ofthe Cubes, the Flvid be 


the Force, which ,each, exercifech upon seach, | 
Therefore the Force which/each exercifeth pon — 
each, according to the Plane FGH in the greater 


Cube, is to.the Force which each exercifeth up- 
on cach, according to the Plane f gh in the effer: 


| 


Cube; asab isto A B.;.that is, as we'have.al- . 


ready demonftrated, reciprocally as the Diftances. _ 


of the Particles from. one another. Os Ey Dj 


And,,,vice ver[4, if che;Force of each Particle be. |. 
reciprocally, as the Diftance of the Particles, i.e.) | 
reciprocally as.the Sides of the Cubes A B, a bp | 
the Sums. of the Forces will be in the fame Pros: _ 
portion, and the Preffure of the Squares DB, db, _ 


as the Sums of the Forces; and the Preffure of tha; 
| ! Square 


‘alt’ 


| 
1 
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Square DP, to: the Preffure of, the Square D B, 
abq; to A Bq.: And by Equality, the Preffure 
of the Square D P, to ché Preflure of the Square 
a;b. as a b.cüb. to, A.B cub. for. the. Simple Pro- 
portion being compounded with. the : Duplicate, 
forms a Triplicate one ; fo thatthe Force of the 
Compreffion in. theone, is co:the Force of the 
GCompreffiop án. the-ocher, as the Denfity of the 
Fluid;in the fonfner;cto the Denfity; of che Fluid 
Brithedatrdrid Qo Malic 1 2600559090 on et 4 
-; Corel, (1.) (Since: therefore: it: is: manifeft by 
Experiments, that che Denfity of our ‘Air, com- 
pref?d and rarified; by Turns,’ is Proportional 
every, where tothe rcomprefling Force, or-the' 
Gompreffion it felfgs it feems: that the Aircon 
(i(ts of Particles!which flée from; sori chafe away? | 
one.ahothér in the:inverfe Proportion of the Dix 
ftances. For altho’ this Centrifugal Force may: 
feem: Diametrically oppófite to:rhe Univerfal cen- 
tripetal Force or Gravity, which we: fphke of, fo; 
thatiác ecannot:‘confift of the fame; yee ic may! 
comé ito: pafs, that; befides: that igeneral Law of: 
Gravity which ‘belongs to : Matter ts ufuth;: and: 
without any Réípect had: co'the Figátes;- Forms, 
Qircimfítancéscor. Motions of the:fdme; there: . 
may. be. othersLaws, and natural Forces, whe- 
ther?of attracting, oor the contrary; belonging to: 
therfecial FigaresyiicForms, Circumftances or: 
Motions of: Particles; 'of , Matter;: and in a pecu-? 
liar. Manner annexed to: the fame, -upon- which’ 
many: ofthe more difficult Phenomena of Nature: 
may depends, Dhusoindeed it feetns, othat che T 
Particles: of - Air? when: they have acquirid chat: 
peculiar Temperamenty'-Figure or.-Forfí," from: 
which:they are ‘fitted to: :compofecfuchan Elattios 
Fluid as we call Air, are immediately. fabje&, co 7 
the new and fpecial Law or Centrifugal Force 
Mw | belonging 
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belonging to fuch Particles, ' and fuch° only. 
For our moft perfpicacious Author: doth’ jaftly 
fufpe&t, that the greateft Part of the fpecial’Phes 
nomena of Nature depend ‘upon fuch a Force ag 
hath been mentioned, and are owing to Caufes 
not yet known, whereby Particles of Matter are 
either driven upon one another, atid fo cohere in 
regular Figures s’or’are’ driven away, and recede 
from one another's which Force being unknowh; 
it is no wonder that Philofophers hithertoohave 
in vain attempted to explicate the Works oft Na- 
ture; and which confequently being nowcby 
degrees difcover’d; or inthe way ! to: be fo; 
it is to be hoped: that in Timey at leaft;; we 
fhall come at lengthruntoy! tho'not che primary) 
Caufes, yet the next to them; i and:fuch as will: bel 
as well accommodated to oGeomietrical:Caleulas 
tion, as Humane Ufes.) «iid? oie s01 song 
Scholium. But -whac hath: been {aid concérning! 
the Centrifügal Forces: of: the Air) and fuchdikes: 
Fluids, is to be-underftood of! füch* Forces only); 
as ure términated ine che next! Particles; orodiffusido: 
not much further: Examples of which we have 
in magnctic Bodies; the attra&ivelForce of which 
isterminated almoft in: Bodids’ of their own: Kind) 
which aresnext to:them. ^ "The Loóadftone's Vere 
tue is contracted iby a» Platecof ; Iron which as: 
interposd, and alinoft:terminated; in tlie-^fame;. 
For the more: remoté’ Bodies! ares not. fo: much* 
drawn by othe , Magnet | in-félfj-as by: thecPlateil 
In like manner,;when Particles) chafe away othem 
Particles of «their Kind which: aré néxt-tothemg: 
their: Force:in the mean while;not/reaching unto” 
remoter Particles, of thenvefuch) Fluids will bey 
compos'd, asoweshave been treating: of int! this: 
Propofition. yisssibomin? 918 QUA Iino ow eR a 
MM iseutiving® 140 wed Taioeul Jaw ASI 


olsd : Corol, 


€i 


H 
: 


Mathematical Philofophy. 299 
. €erol. (2.) By the fame Reafon it feems, that 
befides the general! Force of Gravity, there are 
other attra&ive Forces peculiar to: the Particles 
of fome Bodies, or to very fmall Diftances, and 
other Circumffances of: particular Bodies; from 
whence Phenomena, otherwife unaceountable, 
will.naturally proceed. Prom fuch an Attraction 
asthis, the Refraction or Inflection of the Rays 
of Light in Pellucid, or about the Angles of. 
opake Bodies, which; to wit, do attract before che 
Contaét, and the more forcibly at:the leffer Di- 
ftance ; as our Author hath. obferved in his ex- 
cellent Optic Treatife. - And. from) the like 
Gaufe; as he notés!in his Latin. Edition of the 
fame Work, the. Spheric Figure of little Drops 
both of Quick-Silver, and the-like-Fluids feems 
toarife. Forthefe Particles, as it feems when 
at a little Diftance:, from each: other, . attraé 
ftrongly ;.and like -as in the great Bodies the 
Planets, their, Spherical Figure refülts-from an 
equal Gravitation! of «the. Conftituanc-Parts ane 
towards another ; fo it is reafonable-to derive the 


folv'd, reafonably attributed. But.this by the 
Way. Son. ed eno? 10-1 ed 8 To ta3sin cit ‘Seis 
3 LX. The - 


Ly 


| 
| 
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LX. The Quantity of Matter in all Bodies, is 
exaatly proportional to their. Weight. — ^. d. 
s For when the Refiftance of che Air is taken 
away, asis done in Mr. Boyles Vacuum; all Bodies, 
whether they: fsem moft folid and heavy, or 
mott raré and ‘light, defcend: together -with :a 
common and given Velocity, as./foon as they! are 
letdown from the fame Heighth. All Pendu- 
-Tous Bodies alfo whatever, where the Centers of | 
Vibration are'equidiftant: from “the Center ‘of | 
Sifpenfiony! do even in the Air Defcend and AE | 
cénd together, for a great Space of Time, :if they | 
pepin-at che fame Time to vibratej in ani‘equal | 
Arch ofthe fathe;or'an équal'Cycloid, or even an 
Arch unequal; and wherecan: equal. Arch ide | 
ferib’d, thay: are-mov'd altogether with che fame | 
Celerity, whether they be Hard or fofc, folid ot | 
liquid ; whether great or fmall,‘or of whatfoever | 
Form and Figare. -From whence it is nee 
that the moving Force is every-where in the-fame | 
Proportion with the Matter to be mov'd } or'that | 
the fame Force of Gravity doth;equally affeg’all | 
Bodies inthe fame Diftance fromthe Center of | 
the Earth. ‘For>that great Bodies do,\' cateris | 
paribus, ‘defeendfomething more’ (wiftly,--and. 
kéep their Motioris fomerhing’ longer ; ‘ithis?’s | 
fiom henceP namely, that the Surface of ‘Bodies; | 
ácéórding 6 which they are’ éxpós'd to the Rez 
fittance ofthe Air, or any’ *Mediüm whatever; | 
is in Similar’ Bodies,” in ‘the duplicate Proportion | 
only’ of tlie Diaiteters° or’ Homologous Sides} | 
whereas the Solidity’ of "tlie "fame; ' according c 
Which: both lchelOuantity 'of Matter, ‘and the | 
Porce of Gravity to’ bs eftimatéd; is in che trie 
phéatécPróportüóh of -cherfa vides: So that if 
the Diameter of a Ball of Stone be Three fold of | 
that of another Ball of the fame Matter, the Sur- | 
eni E face. 
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face of the fame, and confequently the Velocity 
being given, the Refiftance it meets with in the 
Air, will be only Nine-fold of that of the other ; 


1 


when, neverthelefs, its Solidity, and Qantity of 
Matter, and Gravity which is Proportional there- 
to, will be Twenty-feven-fold of the fame in the 
other... From whence it is no Wonder, that the 
Refiftance, which in Proportion of the Gravity, 
is fo much lefs in the greater Sphere,. fhould affe& 
and retard the fame Sphere in a leffer Proportion 
than it affe&s and retards the. leffer. . But that 
there is fo great a Difference of Velocity. of Des 
Ícent in the Air, betwixt, Gold. and Chaff, . fup- 
pofe, this depends not only upon this Difference of 
Surfaces, but efpecially upon the Difference of 
Specific Gravity, whereby Gold doth far more 
exceed the Gravity of the Air, than Chaff doth; 
but the Excefs of the. Specific Gravity of a Body 
defcending in the Air, above the Specific Gravity. 
of the Air it felf ; this alone is that Gravity, which 
forcesa Body which is placed inthe Air to defcend, 
as we fhew'd above. | And therefore itis not to be: 
'wonderd, that Gold fhould fall in the. Air much 
more fwiftly than Chaff, alcho'in.a Vacuum they: 
are always obferv'd to defcend with equal Velo- 


city. 1M M NI 
|. Scholium. If the Velocity ic felf of all Bodies in. 
a.Vacuum, upon the Surface of the Earth, be re- 
quir'd to be given in known Meafures ; we are to 
now, that as well by the direct Obfervation of 
Bodies falling Perpendicularly, as by. the Vibra- 
tions of Pendulums, and Computation made 
from thence by Hagens ; it is with the Confent of 
‘Geometricians, determin'd to be of that Quan- 
ity; that in one 2d of Time, Bodies defcend r$ 
‘Feet of Paris, or 16[ x Englifh Feet ; or in the 
Space of one Hour, 208656000 Englifh Feet, i. e. 
x -almoft 


Ln 
LA 
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“almoft 40000 Englifh Miles; as from the Calcu- 
. Jation, according to which Bodies defcend, in 
the Proportion of the Tinie duplicated, it will 
prefently appear. ' » 
LXI. In Pendulous Bodies, which are refifted 
only in the Proportion of the Velocity, when 
the Vibrations are in a Cycloid, whether the 
Arches defcrib'd be greater or leffer, áré every 
where Ifochronal. | NEUE. V. 
The Truth of the Propofition, as fpoken of iii. 
à Vacuum, where there is no Refiftance of the | 
Medium, hath been demonftratcd above. And 
if the Refiftance be as the Velocity, or as the 
Arch every where to be defcrib'd ; the reft of | 
the Velocity fhall likewife be in the fame Propor: | 
tion ; and confequently the Time of Vibrating 
will be equally retarded on both Sides, and the 
Vibrations will ftill remain as before, i.e. of. 
equal Time. 9. E. D. ! MN 
Corol. Therefore refifting Mediums, take che 
Time of each Vibration longer than it would bé | 
ina Vacuum. And Experience teftifies this of | 
Pendulum Clocks; the Vibrations whereof, havé | 
been obferv'd to be perform'd fomething moré | 
quickly in a Vacuum, than in the Air. For the 
Refiftance takes off fomething from the Force of. | 
the moving Gravity, and:confequently doth fome- | 
thing refract or leffen its Effect, and the Velocity : 
of che Motion. | | | | 
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EXXUL BCS YS cuis mov'd with an WA 

Mooi) | elocity in a very Subtle 

dou c^ *9 B £5 plu, are refitted. by the 

| 2 Fluid in the Duplicate Pro- 
"m 7"* portion of the Velocitv. 

.. For fince the Body which is mov'd the fwifter, 
doth both pafs through a greater Part of the Me- 
dium, in Proportion of irs Velocity, and meets 
every unequal Part of the Medium with greater 
Force, in Proportion of the fame Velocity, the 
whole Refiftance arifing from both Caufes con- - 
join'd, will neceffarily be in the Duplicate Pro- 
portion of the fame Velocity. Which Propor- 
tion doth agree well wich Experiments. Albeit 
the Defe&, as to Slipperinefs of the Parts in the 
Air, which give Way, arifing from Elafticity, 

and fome Cohefion of the Parts of moft Fluids, 
muft needs fomething difturb that Proportion. 

Corol. (2.) Since therefore, the Vibrations of 
Pendulums in. a Cycloid, where the Refiftance is 

.in.the Simple Proportion of the Velocity, would 
be Ifochronal ; but the Refiftance in che Air, and 
fuch like Mediums, is almoft in the Duplicate 
Proportion of the Velocity ; it is manifeft that. 

the Times of Vibrations in a Cycloid, and much 

- more in a Circle, are, when the Vibration is in. 
the Air, not altogether in divers Arches, but in, 
the greater Arches, fomething greater, by Rea-. 

- fon of the too great Refiftance, ! "p 


| Corol, | 
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Corol. (2.) Hence# it follows, that for the 
tioft exa&ly obtaining the Equality of Times in 
Pendulum Clocks, it is requifite that the Péndu- 
lums fhould always defcribe che fame Arches ; 
otherwife. by Reafon of.the uneqüal Velocity; 
where the Arches defcribed are greater, the Mo- 
tion will be flower; where leffer, it will be 


fwifter than it ought to be. From whence alfo. - 


- the Caufe may be fhew'd, why greater. Clocks, 
placed in a Ship, and tofs'd up and down, do not 
fo exa&ly fhew the Hours, as chofe which are 


upon Land, and are at Reft. For by Reafon of 
the Concuffion, Arches are defcrib'd fometimes 


reater, and fometimes leffer ; and from thence 
fie Inequality muft neceffarily follow, «9 
Corol. (3.) Shorter Vibrations, whether in a 
Cycloid, or in a Circle, are more Ifochronal 
than longer ; which is becaufe of the Refiftánce" 
of the difturbing Medium ; and the fhorteft are 
perform'd in the fame Times nearly as in a Va- — 


cuum ; where alfo the Cycloid, and Circle, do: 
juft coincide, and the Vibrations in one, fcarce' 


differ from thofe in the other. From whence — 
alfo, the Pendulum Clocks, which are govern'd | 


by a long Pendulum, do fhew the Hours much’ 


more exactly, than thofe which have‘a fhorter | 
Pendulum; forafmuch as far leffer Arches are 


defcrib'd by thofe than thefe. But the Timés of - 


thofe Vibrations which are madé in greater 
Arches, are fomething greater, becaufe the Refi- 


ftance whereby the Time is lengthened, is great- 
er, in Proportion of the Length defcrib'd'in the’ 
. Defcent, (to wit, becaufe of the gtester'Velo- 


city.) than the Refiftance in the fübfequent Af’ 
cent, whereby the Time is Coritraéted. But ché 
. (Time of Vibrations, as well fhort as long, is alfo 
fomething lengthned by the Motion of the Me- 
Mucio PE | dium. 
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dium, For when Bodies become flower in their 
Motion, they are a little lefs refifted ; and when 
they are accelerated, alittle more, than when - 
they are movd uniformly; becaufe whilft the 
Medium goes forward the fame .way with 
the Bodies, by that Motion which ic hath re- 
€eiv'd from them, in the former Cafe it is the 
more agitated, in the latter lefs; and confequent- 
ly doth more or lefs confpire with the Bodies 
moved in it. It refifts Pendulums therefore in 
their Defeent more, in their Afcent lefs; and 
from both Caufes the Time is lengthened. | 

^ LXII. All Sounds, whether {mall or great, do 
go almoft with one given Degree of Velocity ; and 
this given Velocity is fo fwift that it conftantly 
goes about rr42 Feet in one Second of Time, 
which is Eight Miles in juft 47", or about 68520 
Feet; that is, near r3 Miles in an entire firft 
‘Minute, or near 780 Miles in an Hour. | 
| For all Sounds, whether great or fmall, muft 
go with the fame Velocity which a Stone, or 
other defcending Body falling from half. the 
Height of the Atmofpliere, fuppofing it uniform, 
À e juft fo high as by its Weight would reduce 
our Air on the Earth's Surface to its prefent De- 
gree of Denfiry; I fay all Sounds muft go with 
the fame Velocity , which a Stone at laft would 
acquire by falling from half that Height ; or, 
which is the fame thing, that Sounds muft go fo 
far as that entire Height comes to in the fame 
"Time that the Stone would defcend from the one 
half of that Height; becaufe the laft Velocity 
acquir’d, if it had been uniformly continued ali 
that while, would have gone twice as far as that 
Line which had been deícrib'd by an unequal Ve-. 
locity, gradually increafing from Reft, as we 
have above from Galileo demonftrated p. M 
E there- 
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therefore in the fame time would have gone the 
whole Height of that uniform Atmofphere ; 
Now this Stone falling from half that Height, 
defcends to the Earth in about fuch a Space of 
Time as anfwers to the former Obfervations of 
the Velocity of Sounds. Now, that Sounds muft 
needs go with the fame Swiftnefs that a Stone 
would arrive at from half that Height before- 
mentioned, is thus demonftrated. The defcend- 
ing Stone is urged downwards only by its own 
natural Gravity, or infinitely fmall Degree of 
Velocity uniformly imprefsd upon it ; and fo its 
Velocity in equal Time has an equal Increafe, 
and becomes greater exa&ly in the Proportion of 
the Time of its Defcent. The Atmofphere’s 
Tenfion or Elafticity, which conveys the Sound 
with its own natural Degree of Velocity, or at- 
. tempt to Motion, arifes alfo in this Cafe from thé 
natural Gravity of each phyfical Part of the up- 
per Surface uniformly augmented by the Addition 
of equal Parts of the inferior Surfaces quite down 
to the Bottom ; fo that in both Cafes, the Veloci- 
ty actually acquird in one is the fame with the 
Conatus ad motum, the Tenfion or beginning Ve- 
locity of the other : Juft like two {mall or nafcent 
Quantities originally equal, and which afterward 
are augmented in the fame Proportion, whofe 
laft Quantities muft therefore be equal alfo. 
' This being fo, and che Tenfion of the Parts of 
the Air being almoft the fame, whether the Mo- 
tion or Sound be great or fmall ; "tis plain, that 
tho" the Quantity of the Sound will be in Pro- 
portion to the Quicknefs of the Vibrations of the 
Sounding Body, and if that Velocity be increas! 
by the Concurreace of the Wind, or diminifhd 
by its Oppofition, the Sound will either be 
ftronger and reach farther, or be weaker and ftop 

fooner ; 
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fooner; yet will the Velocity of the Sound irfel 
be always proportionable to the Tenfion of the 
Air which conveys it, and that Tenfion being 
nearly fixd and certain, this Velocity of all 
Sounds muft be nearly fix’d and certain. Now. 
what Time is neceffary for che Defcent of a Stone 
from half the Altitude of fuch an uniform At- 
mofphere, as we have before fuppos’d, will be 
thus computed. The fpecifick Weight of Water 
to that of Quickfilver, is known by many Trials 
to be as about x to 15 1; and-when the Mercury — 
1 30 Inches in Altitude, the fpecifick Gravity. of 
Air to that of Water is about that of x to near . 
$900, as has been found alfo by many Tryals.. 
Nay indeed, confidering that moft of the Elder 
and Foreign Experiments come nearer to that of . 
I to a 1000; and that however the fpecifick Gra- 
vity of chofe Parts which are properly ea/tical 
Air, if they were freed from Vapors and other 

odies which are not elaftical, and have nothing 
to do in the Conveyance of Sounds, would be 
then not the roooth Part; I fhall chufe x to 
1100 for the Proportion of Air properly {peaking 
to Water: whence it will follow that true elattical 
Air will be to Quickfilver as 1 to. r5 125, and 3o 
Inches of Quickfilver, which is a Balance for aa 
equal Column of Air, will correfpond to 30 
times 15125 Inches of Air, or to 453750 Inches 
thereof; that is,’ to 37812 Englifh Feet, or about | 
7 Englifh Miles ; which, if the Air were uniform 
in Denfity, would be its entire Altitude. Bue 
falling Bodies are known to defcend half that: 
Altitude, or 18906 Feet in about 24 Seconds of 
Time. Whence Sounds ought to propagate 
themfelves with fuch a Velocity , as will carry 
them 37812 Feet; the Altitude of the Air, if ic 
Were uniform in Deníity ; in the Sprce o£ a little — 
Y NON IE TN ' above 


* 
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~ above 44 Seconds, the Time of a Stone's Deféent 
from half thar Alsicude; and by confequence will 


i 
i 


| 
| 


be propagated about 1142 Feet in one see 
about 68520 Feet, or near 13 Miles in one whole 
Minute, i. e. near 780 Miles in an Hour, agreeably | 
to the beft Obfervations. Sir Ifaac Newton, in his 
fiit Edition, calculated the Velocity of Sounds 
to be fomewhat lefs, by taking only 1 to 850 for 
the Proportion of Air to Water, which in this | 
Cafe, as he now owns, ought rather to be taken” 
as only x to about 1100: And it plainly appears, 
that the Obfervations of the Velocity of Sounds 
do generally make it greater than his firft Num- | 
bers did allow. As to his Demonftration of | 
the Conclufion we have here brought this Mate | 
ter to, tho” it be extremely, fubtil and ingenious, | 
yet is it too long, too remote, and too intricate | 
to be infifted on in this place ; and therefore it | 
was thought proper to make ufe of this more eafy 
and intelligible Method of .Demonftration. 


Coroll. (1.) If the Denfity of Air be increasd | 
or diminifh'd, the Sound it felf, or Violence of | 
the Noife, will be increas'd or diminifh'd in the | 
 famie Proportion: Which thing doth well agree 
with the Experiments of Sounds made in rarified | 
or condens'd Air. M 


Corol. (2.) If the Wind confpire with the 
Motion of the Air, the Sound or Noife will be | 
increasd and carried farther; as being now) 
made up of the Sum of the Motions of the 
Sound it felf, and the Wind. If the Wind be) 
contrary, the Sound will be diminifh d, and | 
fooner ftopp’d, as now confifting of the .Dif- | 
 ference of the faid Motions only. Which ne- 
- verthelefs is fo to be underftood, that the Veloci- - 

Mat ^ Ed 


| 
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ty of the Sound it felf, which was defign'd above»: 
alter but very little For Sound depends noc on ~ 
the continual Motion of the Air, but of the Pul- 
fations of the fame propagated after the manner 
of Waves by Vibrations, and a continual Vicifli- 
tude of Goings and Returnings, as will be fhewn 
afterwards. And of what Sort foever the Diffe- 
rence of the Noife is, which'arifeth from the 
different State of the Sonorous Body, or of the 
Wind ; yet the Denfity of the Air, and its Ela-- 
fticitv, do remain almoft the fame ; and fo the Ef- 
feds of them, or the Velocity of the propagated 


Sounds, will remain likewife almoft equal. 
^ 
- Corol. (3.) Sounds therefore, of what Kind 
foever, whether they be great or fmall, are 
propagated through Air of a given Denfity and 
Elaíticity almoft with the fame Velocity ; as the 
Experiments alfo, which have been made by Phi- 
lofophers, do fhew. m Lam 
Corol. (4.) The Velocity of Sounds there- 
fore in any Place whatever being given, or that 
whereby they go about 1142 Englifh Feet in 
one Second; from the Interval of Time of 
Sounds given, there is given withal the Interyal 
of Diftance of the Sonorous Body. Thus, for In- 
fiance, if we number ro" of Time betwixt. the 
Fire of a Cannon feen, and the Sound heard; © 
it is manifeft, that the Gun is 11420 Feet diftanr, 
‘or fomewhat above two Miles. As likewife, if 5” 
pafs betwixt our feeing the Flafh of Lightning, . 
and hearing the Thunder, we may reckon that 
the Thunder-Cloud is about 5710 Feet, or a 
little above one Mile diftant from us.- : 
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LXV EC dr] the Refiftance of Fluids in di- 
an Dm VES Velocities is in the dupli- | 
d “>. cate Proportion of the Veloci- | 
j Saye ty ; fo in divers Denfities the | 
zx a Dni Velocity being given, it is im | 
the direct Proportion of the Denfity it felf ; but 
*the Denfity and Velocity being given in the du- 
plicate Proportion of the Diameters ; and confe- 
quently the Refiftance in general is in a Propor- | 
tion compounded of the duplicate Proportion of | 
the Velocity, and the fame Proportion of Diame- | 
ters, and the fimple Proportion of the Denfity of. 
the Medium directly. : M 
. Thefe Things are eafy , and ftand in no Need | 
of Demonftration. For if two Spheres do exe 
ceed one the other, as to their Diameters, in the 
double Proportion, or be as2 to r4 and the greats 
er be niovd with a Velocity double to that of the 
other, and in a fluid Medium double to the other 
in Denfity ; it is plain, that in any given Space | 
of Time the whole Refiftance of the greater | 
Sphere, or Motion loft, isto the whole Refiftance | 
the leffer Sphere meets with, or its Motion loft, 
29 9$ MOX 2X 2X*2'40 TX TK IX. M 
as 32 to r; and thus every where. But it is to be 
noted, that Refiftance proceeds equally both from. 
Fluids and Solids, ceteris paribus; unlefs fo far as 
in a very fluid Medium, when the Motion 1° | 
fomewhat flow, the Medium it felf by a Cireu- 
lation of Motion, and an Impetus thereby made 
| on 
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on the hinder Part of the Body mov'd in it, doth 
fomething promote the Motion of the Body ; 
which reciprocal Impetus of the Medium on the 
Body ought to be lefs in fwifter Motions of the 
Body, and in very fwift ones none at all; as our 
Famous Author found the thing to happen in very 
accurate Experiments, which he made about it. 


^. Corel. (x.) The Mediums therefore in which 
Projectiles are carried the fartheft without any 
fehfible Diminution of Motion, are not only ve- 
ry fluid, but much rarer than thé Bodies moved 
in them; otherwife they would prefently ftop 
the Motion of the Projectiles, and bring it to reff. 


Corol. (2.) From whence it follows, that our 
"Air, or all the Matter contain’d in it, is very 
{mall, if ic be compar'd with the Matter in Bo- 
dies, that are carried forward very far and fwiftly 
in it; and is fo far from the Cartefian Plenum, that 
it doth not indeed poffefs the 20oooth Part of the 
containing Space. 


Corol. (3.) And it follows alfo, that the Ether, — 
or all the Matter contain’d in the Planetary Spa- 
ces, thro' which the Planes have revolv'd for fo 
many thoufands of Years with fuch Velocity, and 
this without almoft any Lofs of Motion at all, 
is very finall, if compared with the Matter con-- 
tain'd in the Planets themfelves; fo that, as 
will eafily appear by Calculation, that Space 
_ ought rather to be counted a Vacuum than other- 
. wife. U 


- €erol. (4.) The whole Cartefian Philofophy : 
therefore falls to the ground, which is entirely 
built upon a Plenum, and a Celeftal Matter, 

! X 4 which 
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which he calls His rft and 2d Elements. Nor 
can that ingenious Fiction any longer fubfift, 
when its Bafis is thus deftroy'd by our Author's. 
Experiments, and what he hath demonftrated; 
Efpecially when .He has not only taken away 
that Plenitude of Matter, but fhew'd alfo that. 
there is nothing of the forefaid Matter in the 
Pores of Bodies. For by the Experiment of a 
very long Pendulum vibrating in the Air along. 
while, and by eftimating the Lofs of Motion, 
when compar'd with the Refiftance of the Air 


made upon its Surface, he found that either chere | 
was none at all, or a plainly infenfible Refiftance - 
in the internal Parts. From whence it is rightly 
concluded, that there is either none at all, ora 
plainly infenfible Quantity of any fubtle Matter 


in the Pores of Bodies; whereas, from the Car-. 


tefian Plenitude, compared with the fpecifical Gra- - 
.vity of the Pendulum, it ought to be far greater 
than the grofs Subftance it felf of the Pendulum. 


LXV. No Re@ilinear Preffure can. be propa- | 


gated through a Fluid, in right Linesonly. 


! For fince the Parts of a Fluid are always in Mo. — 
tion every way , or are at leaft every way eafily | 
moveable, and will upon any Occafion be a&ually © 
movd ; it cannot be, bat that any Preffure what- — 
ever, which is firft communicated in a right Line, - 


muft urge the contiguous oblique Parts more or 


lefs ;.and that thefe oblique Parts muft urge. 


others in like manner that are placed obliquely 5. 
and thus is infmitum. The Preffure therefore, as 


foon as it is propagated to Particles which do not 


" die in the right Line} will begin to divaricate, and. 


be propagated obliquely for ever; and when | 
fome Part of the Preffure is intercepted by fome 


Obftacle, 


b 
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Obftacle, the remaining Part now, as well as be- 
fore, will divaricate into all the Spaces beyond 
the Obftacle. | | 


— Corol (1) Hence the Reafon appears, why 
Sounds let into a Chamber, either by the inter- 
posd Wallé, or through the Windows, fpread 
themíelves into all Parts of the Chamber, and 
are heard at all Angles, not only as reflected 
from the oppofite Walls, but as propagated thro' 
the Air on every Side from the Window. 


- Corol, (2.) ‘The Rays of Light which are pro- 
‘pagated through the Ether, or Air, or any. other 
Fluids whatever always in right Lines, are not 
Impulfes or Modifications of that Fluid, as it is 
in Sounds, but real Corpufcles flowing from the 
Fountain of Light, and propagated by a true 
Motion through the Medium; as moft of the . 
other Phenomena of Light do alfo fhew. 


LXVI. Every tremulous Body in an Elaftic 

Medium will propagate che Motion of Pulfes on 

every Side forwards; but in a Medium not 
Elaftic, it will excite a circular Motion. 


Cafe (1.) For the Parts of che tremulous Bo- 
dy, in their alternate going and returning, will 
in their going drive forwards, and confequently. 
-prefs and condenfe the Parts of the Medium next 
thereto; and in their returning will permit the 
'faid Parts of the Medium to expand themfelves, 
and return to their former Situation. Which. 
certain Parts of the Medium going and returning 
alternately, as doth the tremulous Body it felf, 
"will a& in the fame manner upon the Parts of the 
‘Medium next to them, as the tremulous Body 
if | El 
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did upon them, and will propagate the fame tre- 
mulous Motion to thofe further Parts of the Me-| 
dium, and thefe laft will propagate it to othets j 
more remote than themfelves; and thus in iin) 
tum. Andinevery one of the defign'd Divifions | 
of the Medium, the Parts will be alternately con: | 
dens'd and relax'd ; in their Going condens’d, and | 
in their Return relax’d, like as ic is in the tree! 
mulous Body that began the Motion. Not that | 
they all go and return at the fame time, bat alters | 
nately; for the Expanfion of the foregoing Dis | 
vifion makes the Condenfation of the 2d, and is | 
at the fame time with it, as the Expanfion of the | 
2d is at the fame time that the Condenfation of | 
the 3d is. But the Parts which go, and in going | 
are condéns'd, becaufe of their progreffive Mo- | 
tion wherewith they ftrike Obftacles, are Pulfes; | 
and therefore fucceffive Pulfes will be propagated | 
from every tremulous Body through an Elaftic | 
Medium ; and this at Diftances from each. other | 
nearly equal, becaufe of the equal Intervals of | 
Time, wherein the Body doth by each Trémor | 
excite each Pulfe. 9. E. D. | oe 


ri 


Corol. (x.) Altho’ the Parts of a tremulous | 
Body do go and return according to fome cer- | 
tain and determinate Direction, or Part ; yet the 
Pulfes propagated from thence through the fluid | 
Medium will, by the foregoing Propofition, | 
fpread themfelves every way on the Sides; and | 
will be propagated every way from the tremulous | 
Body as the Center, according to Surfaces almoft | 
Ipheric and concentric. Of which we have an | 
Example in Waves; which if they be rais’d by 4. | 
tremulous Finger, will not only go forward, ac- | 
cording to the Direction of the Motion of the | 
Finger, but. will prefently be propagated on all 

Wi Sides, 
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iSides , and encompafs the Finger in the Form of . 


| concentric Circles ; for the Gravity of the Water 
füpplies in a fort the Place of Elafticity. 


"Cerol (2.) Hence we may collect, that the 
| Number of the propagated Pulfes is the fame 
with the Number of the Vibrations of the tremu- 
Hous Body, and is not multiplied in the Progrefs. 
|For every phyfical little Line, as foon as by the 
| Expanfion it hath return’d to its firft Place, would 

| reft there, were it not urged with a new Motion — 
| by the Force of the tremulous Body it felf, or the 
| Pulfes propagated from it. And therefore it will | 
| actually reft, when Pulfes ceafe to be propagated 
from that Body. 


|| Corol. (3.) Hence the Reafon appears why 
Sounds, when the Motion of the fonorous Body 
| ceafeth, do prefently ceafe; and are hear'd at a 
| great Diftance no longer than at a leffer: For the 
! Caufe ceafing, the Effe muft needs ceafe alfo. 


| Cor (4.) Hence we may underftand the 
| Caufe of the Increafe of Sounds, in the Sresteropbo- 
‘nick Tubes. Fora reciprocal Motion is wont, in 
each Recourfe, to be increas'd by the Caufe that 
'producesit: For the Motion in the Tube, which 
hinders the Dilatation of the Sound, is rever- - 
‘berated more ftrongly; and therefore is the more 
" increas’d from the new Motion imprefs'd in each ~ 
"Reflexion. And (ince all that Force of the fono- 
yous Body, or Voice, which otherwife mult in 
_ the fame time have been propagated through an 
entire Sphere, which hath the Length of the 
Tube for its Radius, is now fhut up within the 
‘Hollow of the Tube, and goes out of the Aper- 
"ture with a great Strength ; it is evident, chat the 
Fr ae . tremu- 
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tremulous Motion of the-Air, or the Violence 
of its Pulfes, is greatly increas'd from thence, | 
and confequently ought to reach unto a much | 
greater Diftance; but this fo notwithftanding, : 
that the Velocity of the Propagation doth every | 
Where remain ftill the fame and unvaried. The 
Sound therefore, as I fuppofe, is increas’d in thefe 
Tubes intheProportion of the wholefphericSurface: 
aforefaid, to that Part of it which is contain'd 
within the Aperture ofthe Tube. But it would be 
worth the while that Experiments fhould be made | 
about this Matter, to determine whether the In- 
creafe of Sounds in thefe Tubes be in that Pro- | 
portion which hath been defin’d ; that we may 
hereafter pronounce with more Certainty, and | 
may be able to accommodate thefe Tubes more 

to the Ufe of Mankind. 51 4 


Cafe (2.) But if the Medium be not Elaftic , 
becaufe the Parts thereof which are preffed by 
the vibrating Parts of the tremulous Body cannot. | 
be condens'd, the Motion will be propagated in — 
an Inftant to Parts where the Medium doth more — 
eafily give way ; that is, to Parts which the Body | 
would otherwife leave empty behind it. The | 
Cafe is the fame here, as with Projectiles in ge- | 
neral in any Medium whatever. ‘The Medium, | 
in giving way, doth not go back in infinitum, but | 
by 2 Circulation comes at length to the Spaces 
which the Body leaves behind it. Thus it is that 
the Medium gives way to a tremulous Body alfo, 
by a circular Retroceffion; and as often as 
the Body returns to its former Place, the Medium 
repelld from thence, and returns to its former 
Place. | | . si 
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Corollary. The Cartefians therefore are miftaken, 
who fuppofe that the Agitation of the Parts of 
the Sun, or any Flame, fuffices to a Preffure, 
which is to be propagated through the Ambient 
‘Medium in right Lines, fo as to conftitute the 
Rays of Light. For fuch a Preffure ought to be, 
not from the Agitation only of the Parts of the 
Flame, but from the Dilatation of the whole. 


Decem. 9. 1706. 
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Levee Vs a folid Cylinder, infinitely 
k ^3 long, be revolv'd in an uni- 
| asl ©* form and infinite Fluid about 
ss its own Axis, the Pofition 
| M whereof is given, and the 
Fluid be mov'd round by the Impulfe of this Cy- 
linder only ; and every Part of the Fluid perfe- 
veres uniformly in its Motion; the periodic 
Times of the Fluid will be as their Diftances 
from the Axis of the Cylinder dire&ly ; and the 
Velocities will be every where equal. 


For let the Fluid be diftinguifh’d into innume- 
rable Cylindrical Orbs concentric to the Cylin- 
‘der, .and of the fame Thicknefs every where. 
And becaufe the Fluid is fuppos'd to be homoge- 

t neous, 
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neous, and the Cylinder, by its circular Motion; 
endeavours to put all the contiguous Parts of the 
Fluid, and through them the further Parts in igs 
finitum, into its own angular Motion, and confe- 
quently into a Velocity of Motion that is in di- 
re& Proportion of the Diftance, fo that each of 
them fhouldbe turn'd about in the fame peri- 
odic Time with ic felf; it is plain, that 
every Orb doth then ceafe from further Acces 
leration, and that the Parts of them perfevere 
uniformly in their Motions, where the Refiftance 
or Imprefliun_on the Concave Part, is equal to 
the Refiftance or Impreffion on the Convex Part : 

_ (For otherwife the ftronger Force prevailing, the 
Motion will be changed on that Part. ). There- 
fore, where the refpe&tive Velocity, according 

to which Refiftance will arife in the given Sure 
face, fhall be in the reciprocal Proportion of the 
Surface, the Impreffions on both Parts will be 
equal; that is, in the prefent Cafe, (here the 
angular Velocity is in the reciprocal Proportion 
of the Diftance it felf, or where the abfolute Ve- 
locity is always equal, the periodic Times alfo’ 
will be in the direct Proportion of the Diftance. 

GE ER 
Corol. (1.) If the Fluid be not infinite, but 
containd in a Cylindrical Veffel; the exterior 

Cylinder alfo will be turn'd round, and its Mo- - 
tion will be accelerated until the periodic Times 
of both Cylinders, and of the inclos'd Fluid, be 
equal one to another. But if the exterior Cy- 
linder be violently detain'd, it will endeavour to 
retard the Motion of the Fluid; and unlefs the _ 
interior Cylinders preferve its Motion by fomie. 
Force continually imprefsd, it will make the 
fame to ceafe by Degrees. ty 


Corol, — 
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- Corel. (2.) But fince the periodic Times of 
the Planets are not in the Proportion it felf of 
their Diftances from the Sun, but in a Proportion 
which is fefqui-alreral of the fame. and coníe- 
guently their abfolute Velocities are not every 
where equal, but in a fubduplicate Proportion of 
the Diftances, as all Aftronomers acknowledge; 
it appears, that the Confticution of fuch an 
Ethereal Fluid doth in no wife agree to the So- 
lar Syftem ; nor doth the Suppofition of it any 
ways help the Cartefian Vortices. 
M LXVIIL If a folid Sphere, in an uniform 
and infinite Fluid, be revolv'd uniformly about its 
own Axis, the Pofition whereof is given ; and by 
the Impulfe of this alone the Fluid be turned 
round, and every Part of the Fluid perfeveres 
uniformly in its Motion; the periodic Times of - 
the Parts of the Fluid will be as the Squares of 
the Diftances from the Center of the Sphere. 
Let the Fluid be diftinguifh’d into innumerable 
‘Concentric Spherical Orbs of the fame Thick- 
‘nefs: And, as before, the Fluid will then only 
perfevere in its uniform Motion without any Ac- 
‘celeration or Retardation where the angular 
“Motions of the Parts of the Fluid about the Axis 
‘of the Globe be reciprocally as the Spheric Con- 
‘centric Surfaces themfelves, or as the Squares of 
"the Diftances from the Center of the Globe reci- 
" procally ; or laftly, as the periodic Times of the 
‘Parts which are reciprocally proportional to the 
"angular Velocities themfelves ; where thefe be as 
"the Squares of the Diftances from the Center of 
“the Globe dire&ly. : 
^  Corol (1x.) If the Fluid be not infinite, but 
^contain'd in a fpheric Veffel; the fpheric Veffel 
"alfo will be turned round, and its Motion will be 


D 
, 


“accelerated until the periodic Times of the Sphere, 
a. | and 
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ind Velfel, and inclos'd Fluid, be equal to óné 
another. But if the fpheric Veffel be violently 
derain’d, ic will endeavour to retard the Motion 
.of the Fluid : and unlefs the Sphere preferve its 
Motion by fome Force continually imprefs'd 
will make chat the fame, as, in the former Cafe, 
fhould by Degrees ceafe. E 
Corel. (2.) But fince the periodic Times of 
the Planets are not in the duplicate Proportion 
of their Diftances from the Sun, as we have feen 
already ; it is manifeft, that the Conftitution of 
fuch an Ethereal Fluid doth in no wifé agrée to 
the Solar Syftem ; nor are the Cartefian Vortices 
in any wife help'd from the Suppofition of the 
fame. E 
Corol. (3.) Since the Bodies, which being carried 
in a Vortex, go perpetually the fame round 
without confiderable Accefs to theCenter,orRecefs 
from it; (as it is in all Planets, both Primary and 
. Secondary ;) they muft needs be of the fame 
Denfity with the Vortex, and be carried along” 
together with the contiguous Parts: And fince 
this Sort of Vortices muft be fo mov'd, that the 
periodic Times fhould be in the duplicate Propor* 
tion of the Diftances (contrary to what happens — 
in all the Planets;) it is manifeft, that the 
Planets are not carried along in Corporeal Vor-. 
tices. Which alfo will be made more manifeit 
from the following Propofition. 5 | 
LXIX. The Velocities of. all the Planets, 
whether Primary or Secondary, about their 
Central Bodies, by being in the reciprocal. 
fubduplicate Proportion of the Diftances from 
their Centers, do wholly overthrow the Cartefian. 
Hypothefis of Vortices ^ o EM 
For the Planets, as is now known every where, - 


do revolve each of them about che Central Body | 
in 
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in Ellipfes; and this in fuch fort, that by 
Rays drawn to their Foci they defcribe Areas 
proportional to the Times; and that the Veloci- 
ties fhould be in the reciprocal fubduplicate Pro- 
portion of the Diítánces. Buc the Parts of an 
Ethereal Vortex cannot be revolv’d with fuch a 
Motion. For (in Fig. 6. Plate 8.) let AD, BE, 
CF be three Primary Orbs defcrib’d about the. 
Sun S. Of which let the outmoft C F be Con- 
centric to the Sun; and Jet the Aphelia of the 
two inner be A and B, and their Perihelia D 
and E. Therefore the Body which is revolvd in 
the Orb C F will, by a Ray drawn to the Sun in 
defcribing Areas, which are proportional to the 
Times, be moved with an uniform Motion: But 
the Body which is revolv’d in BE will, accord- 
ing to the Laws of Aftronomy depending both 
upon Geometrical Demonftrations and Celeftial 
Obfervations, be mov’d more flowly in the Aphe- 
lion B,and more fwiftly in the Perihelion C; when 
yet, according to Mechanic Laws, the Matter of 
the Vortex muft to be mov'd more fwiftly in the 
Narrower Space which is berwixt A and C, than 
in the wider Space which is betwixt D and EF ;- 
je. more f{wiftly in the Aphelion than in the 
Perihelion. As for Example: In the Beginning 
of the Sign Virgo, where Mars’s Aphelion now is, 
he Diftance betwixt the Orbs of Mars and Venus 
5, to their Diftance in the Beginning of Pifces, al- 
noft in the fefqui-alteral Proportion, or as 3 to 2 : 
And therefore the Matter of the Vortex betwixt 
hofe Orbs in the Beginning of Pifces, ought to 
de carried more fwiftly than in the Beginning of 
Virgo, in the fame fefqui-alteral Proportion. For 
by how much the narrower or ftraiter the Space 
is through which the fame, Quantity of Matter 
paffeth in the Time of one Revolution, with fo 
i x much, 
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much the greater Velocity it muft pafs thro” it. 
Therefore if the Earth refting relatively in th 
‘heavenly Matter be carried along by the fame, a: 
revolv’d about the Sun together with it; the Vel 
locity thereof, inthe Beginning of Pifces, oug 
to be to the Velocity of the fame, in the Begi 
ning of Virgo, in the fefqui-alteral Proportic 
or as 3to2. From whence the apparent Mom 
of the Sun, in one Day’s Time in the Beginnil 
of Virgo, ought to be greater than 70', and. 
the Beginning of Pifces lefs than 48'; when 
(by the Teftimony of Experience) that apparet 
Motion of the Sun is fwifter in the Beginnin !] 
Pifces, than in the Beginning of Virgo; and t 
fore theVortex is mov'd more fwiftly in the Begi 
ning of Virgo, than in che Beginning of Pifces. "T 
Hypothefis therefore of Vortices doth who 
contradi& the Aftronomical Phenomena; 4 
ferves not fo much to explicate, as to difturb t 
Celeftial Motions. Troy | : 
Scholium. Hitherto we have delivered t 
Principles of Natural Philofophy out of our E 
mous Author; yet, fpeaking properly, we ha 
delivered them not. Philofophically or Phyfical 
but rather Mathematically. Forafmuch as 3 
havé hitherto confidered the general Laws a 
Conditions of Motions and Forces, which chief) 
belong to Aftronomy and Natural Philofophy 
- moftly in a Mathematical and Univerfal Method 
Neverthelefs, thar our. Work fhould :] 
fcem altogether dry and barren, we have eve 
where illuflrated ic with Scholza, and Corollat 
Aftronomical, Phyfical, Optical, and alfo M 
chanical; and fo have prepared the Way) 
true Philofophy and Aftronomy, that is, 
Newtonian, It remains, that we come now 
length to the Nature of Things, and to “th 
Philo 
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Philofophical Caufes of thefe Phenomena, both 
4 Aftronomical and Phyfical,and to the true Syftem 
of the World; and that we fet before you the Frame 
I and Conftitution of the fame Syftem, fo far as ic 
depends upon the Principles already laid down ; 
" itting here, or only lightly touching upon thofe 
ls Things, which we had obferv’ ui in the foregoing 
? Scholia or Corollaries, ! 
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1 L1xx. PX 9 275 H E Six Primaty Planets, each 


with its own Satellites, if che 

S9 T €9 have any, encompafs the qid 

à with. their Orbs, and revolve: 

1t about it, 

That Mercury and Venus revolve about the 
Bin, is manifeftly demonftrated from their Faces 
iexadly imitating thofe of the Moon; as is every 
where now known by Telefcopic Obfervations, 
For fometimes they fhine with a full Face about 
ie Conjunctions, but with the leaft apparent 
Diameters; they being «hen fituate beyond 
the Sun, .and imitating.a Full Moon: and 
hen with an obfcure Face about the other 
Conjundtions, but with the, greateft apparent 
Diameters; they being then fituate on this 
Bice the Sun , and imitating a New Moon. 
And they appear likewife of a gibbous or hollow 
Face about the O&ants, and of an halved and 
dichotomous one meus the Quadratures, like as 
2 | it 
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it isis in the Moon: Sometimes they pafs thro 
the Difcus of the Sun, and appear as Spots there 
in, inducing a partial Eclipfe; and fometimes 
they pafs beyond the Body of the Sun, being in 
the mean while invifible to us. From whence it 
4s certain, that thefe two Planets are revolv’d 
. about the Sun, and not aboutthe Earth. And al- 
tho’ Mercury is fo rarely feen, as appearing to 
us only about its greateft Elongations, and 
when it paffeth over the Sun, that all the faid 
Faces cannot be actually obferv'd fo clearly in chil 
Planet, as in Venus; yet notwithftanding, fince 
what Faces of Mercury can be feen , do exa@ly 
anfwer to this Pofition; and fince thofe of Venus, 
a Planet of the fame Condition, lie open to our. 
Obfervation, and do every where fully anfwer 
the faid Pofition ; there is no room to doubt con- 
cerning the reft as to Mercury. From the full Face: 
of Mars alfo, near the Conjun&ion with the. 
Sun, and the gibbous Face thereof in the Qua- 
dratures, it is manifeft, that it revolves about the - 
Sun. The fame thing is alfo demonftrated con~ 
cerning "fupiter and Saturn, from their Faces. 
which are always full, as it ought to happen at fo 
great a Diftance. For albeit thefe Planets ought | 
to have their Faces about the Quadratures fome- 
thing diminifh'd ; yet fince that Diminution of 
Light is fo very fmall that it-can fcarce, or rather | 
not at all be obferv'd and feen by us, their full Face | 
is to be reckoned to agree very well with the faid- 
Pofition. But that the Orbit of the Earth en 
compaffeth the Sun, is abundantly manifeft from 
the annual Parallax, which we have elfewhere | 
explained. 1 
- Corollary. From hence with De Cartes, and the | 
reft alfo of the Aftronomers of the foregoing Age, — 
we gather that the Ptolemaic Syftem of the Worl 
whicn 
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"which alone was cultivated and celebrated for fo — 
‘many Ages foregoing, comes to nothing. And 
we gather alfo, that the Tychonic Syftem, which 
‘was afterwards receiv'd and celebrated by fo ma- 
‘ny and great Aftronomers, doth wholly fall to 
‘the Ground ; and doth not in any wife agree with 
the Phenomena; which have been obferv’d - of 
late. And laftly we gather, that the Coperni- 
«an Syftem , which hath for fo long a time been 
approv’d of and follow'd by moft of the beft 
Aftronomers, is the true Syfítem of the World, 
and is that alone which doth prefent to us that 
Order of all the Planets, which agrees to the 
Nature of Things, and to Aftronomical Ob- 
fervations. "Therefore it may juftly feem ftrange, 
that the Famous Dr. Gregory, that Excellent In- 
terpreter of the Newtonian and Copernican A(trono- 
my, a Man fo well skill’d in the true Mundane 
Syftem, fhould beftow fo much Time and Pains 
in delivering and fetting off thofe and other falfe 
and imaginary Hypothefes. When it is fo cer- 
tain, that the Pythagorean or Copernican Or- 
der of the Planets is that alone which. is 
True and Genuine; and that the reft of the Hy- 
pothefes are only fictitious, To what Purpofe 
fhould we mix the Truth with mere Shadows, 
and difturb the Contemplation of the Nature of 
Things with manifeft Falfities ? Let therefore 
thofe, once indeed moft Noble, moft Famous 
Syítems, be now banifhed for ever out of the 
Aftronomical World ; and that only be admitted, 
cultivated, delivered and taught, which. now, 
at length, we find to be the only one that cor- 
refponds to the true Order of Nature, and to 
real natural Caufes. But this by the way. 
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LXXI. The periodic Times of the fix Prif | 
ry Planets, are in the fefqui-alteral Prope of 
their mean Diftances from the Sun. | 

This Proportion, which was firft found out Sy 
Kepler, the Parent of the Newtonian Philofophy, 
is now acknowledg’d by all. The Meafure o 
the periodic Times is agreed upon amongft all 
Aftronomers; but as for the Magnitudes of the 
Orbs, the fame Kepler and Bullialdus have exceed- | 
ed all others in the Diligence they have us d 
for determining the fame: And the mean! 
Diftances pus anfwer to the periodic Times,| 
do not fenfibly differ from the Diftances which. 
they have found , and are for the moft part.in the | 
Middle betwixt them ; as may be feen in 1 the fol- | 
lowing ‘Table. | 


The mean Diftances f tbe Planets from te Sun. 


Saturn. Fupit. Mars. Earth, Venus. Merci. | 


e( Key. (7951000. 519650. 152350. 100000. 72400. 38806. . | 
= Bull) 984198. $22520. 152350. 100000. 72398. 38585. | 
E dn / 933806. $20116.1§2399. 100000. 72333. 38710. | 

ods. htt 


And now we will give the true Periods, as alfo | 
the Diftances which come neareft to the Jis | 


from Mr. Flamfteed's Parallax el the Sun Vike | 
OL Oy. pid | | E 
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- Mercury ^ uu, OF 124, 16 
i Venus SS gf. 224 16 49 
af Earth &f 23 6 | 6 | 
! Moon cp 3 $ 9 
h Mars 28 686 23 27 
i. | Fupiter E 184332). 12... 20 - 
] Saturn o4 710759 6 36 
4 Mercury 23 } 32,000,000 } & 
Venus . | = | §9,;000,000/ E 
, Eartb & 81,000,000 = 
* Mars re 123,000,000[ c, 
3 ef upiter | & _ | 4245009,000 "en 
Saturà |.) 582 777,900,000 ' rà 


Now, as to the Methods of finding thefe Di- 
"ftances, they are thus determin'd. 

Of the Diftances of Venus and Mercury, as 
-compard with that of the Earth, there is no 
"room to doubt ; fince thefe are gathered by plain 
Trigonometry from their greateft Elongations, 
"known by eafy Obfervation. As for the Superi- 
‘ors, all manner of Difpute concerning their Di- 
 ftances from the Sun, which are deduc'd from the 
Arch of Retrogradation, is taken away by the 
- Eclipfes of the Satellites of ‘fupiter reduc'd to an 
‘accurate Calculation, according to the other 
Diftances, and which agree with the Obferva- 
‘tion, for by thofe Eclipfes, che Pofition of the 
"Shadow which ‘fupiter cafts, is determin'd ; and 
by this means "fwpiter's Heliocentric Longitude 
is had, whilft his Geocentrical is had immediate- 
ly by Obfervation. Therefore in the Plane Tri- - 
angle connecting the Centers of the Su», ‘Fupiter, 
and the Earth, all the Angles are given, and con- 

“ae Y 4 fequently 
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. fequently the Proportion of the Sides is alfo given; 
.or the Proportion of the Diftances of Jupiter 


and the Earth from the Sun. 


Corollary, Therefore the Proportion of the 
Diftances from the Sun, is given exactly in all 
the Planets ; fo that if the Diftance of any one 


of the Planets was given in fome known Meafure, 


as in Miles or Semi-diameters of the Earth, we 


fhould withal have the true or abfolute Diftances 


of all: But this is what is yet wanting. 
,, LXXI. The fix Primary Planets do always, 
by Rays drawn to the Sun, defcribe equal Areas 
in equal Times, and in general Areas propor- 
tional to the Times. This Equality of the Areas 
in equal Times , which is another Foundation-of 
the Newtonian Philofophy, is owing likewife to the 
Obfervation of the fame Kepler. Whilft the five 
other Planets are, in refpe&t of our Earth, fome- 
times Progreffive, fometimes Stationary , and 
then Retrograde ; they do always go forward, in 
refpect of the Sun, and that with an uniform 


Motion nearly, fuch that it is fomething fwifter 


an the Perihelia, and flower in the Aphelia, 
to preferve the forefaid Proportionality of Areas. 
This Propofition, which is well known to Aftro- 
nomers, is demonftrated as Fupiter in a peculiar 
manner; wiz. by the Calculation of the 
Eclipfes of its Satellites, which is built upon this 


Fy pothefis, and is exa&ly agreeable to the Obfer- 


vation. For by thefe Eclipfes, as we have {aid 


already, Fupiter’s Longitude and Diftance from the y 


Sun are exactly determin'd. 


LXXIIL The Moon, by Rays drawn to the _ 


Center of the Earth, defcribes in equal Times — 
Areas almoft equal ; and in general, Areas almoft 2 


proportional to the Times. 


m 
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- This appears from the apparent Motion of this 
"Planet , as compar'd with its apparent Diameter, 
"which js in the general nearly reciprocally pro- 
‘portional to the Diftance. I faid in the Pro- 
"pofition, :4/mof? proportional; becaufe the exa& 
Bonorceitticy is fomething difturb'd by the Sun's 
‘Force ,.as we have explained that Matter elfe- 
"where: But taking away that Difturbance, the 
;Propofition would be as exact and full, as in the 
"Primary Planets ; and that for the fame Reafon. 
- LXXIV. ‘The Satellites of wpiter do, by 
"Rays drawn to the Center of Jupiter, defcribe 
"Areas nearly proportional to the Times: And 
their periodic Times are in the fefqui-alteral 
"Proportion of their Diftances from their Centers. 
-. Both Parts of the Propofition are manifeft 
from Aftronomical Obfervations. For their Orbs 
do not differ fenfibly from Circles Concentric to 
ffupiter, and their Motions in thefe Circles are 
found to be almoft uniform: And as for the Pro- 
"portion of the periodic Times here meant , it is 
‘what all Aftronomers agree in. Befides, Mr. Flam- 
"fleed, who hath ftated all Things moft accurately 
"by the Micrometer, and the Eclipfes of thefe Sa- 
tellites, hath, both by Letters written to Sir I/aae 
- Newton, and by his Numbers themfelves commu- 
 nicated to him, fignified that that fefqui-alteral 
Proportion doth hold here as exactly as poffible , 
fo far as he can difcover by Obfervation. Which 
will be manifeft from the following Tables, 


The Periodic Times. 

DIL ee 
Bate 18. 273 
2| 93:13 022sle 


5] 7 53 428 
4| 16 . 16 328 
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The Diftances from the Center of Jupiter. . 
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LXXV. The Satellites of Saturn do, by. 
Rays drawn to the. Center of Saturn, dcícribe 
Areas proportional to the Times: And their pe- 
riodic Times are in the fefqui-alteral Proportion 
of their Diftances from the Center of theirPrimary, 

Both Parts likewife of this Propofition are 
provd from Aftronomical Obfervations: For 
their Orbs fcarce differ fenfibly from Circles con- 
centric to Saturn, and their Motions are found to — 
be almoft uniform in thefe Circles. And as con- 
cerning the Proportion of the periodic Times, 
this will appear to every one that will take the 
Pains to compute it from the following Table, 

. which we here prefent the Reader out of Mr. Ha- 
gens's Cofmotheoros, Page 1a1, 102. - : 


‘The Period. Times. Diftances from the Center of cee 
‘both by Obferv. and Period, 
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-LXXVL 3€ HL E Force whereby the Pri- 
a P 9S mary Planets are perpetually 
; 39 T 75 drawn back from right Lines, 
77 se YS and retain'd in their Orbs, 
v ee does refpe& the Sun; and is 
as the Squares of che Diftances from the Center 
* of the Sun reciprocally. | 
^. Foron account of the forefaid Proportionality of 
_ Areas, this Force muft tend to the Sun; and be- 
caufe the periodic Times are in the fefqui-al- 
teral Proportion of the Diftances, che Quantity 
- of the Force muft be every where in the recipro- 
- cal duplicate Proportion of the Diftances; as we 
- demonftrated before: But this 2d Part is alfo de- 
- monfílrated moft fully from the Figure of the 
Orbs. For, if the Planets were mov'd about the 
- Sun in fpiral Lines, cutting the Rays in a given 
Angle, the Centripetal Force would be in the 
triplicate Proportion of the Diftances, or as the 
“Cubes of the Diftances, reciprocally. But if chey 
- ‘were mov'd about the Sun in Ellipfes, which have 
- the Center of the Sun in their Center, the faid - 
Force would be in the dire& Proportion it felf of 
the Diftances: But when the Ellipfes, in which 
- they are mov'd, have the Center of the Sun not 
— in their Center, but in one of their Foci, as the 
Cafe really is, and all Aftronomets do acknow- 
* ledge; then the faid Force muft needs be in the | 
duplicate Proportion of the Diftances recipro- 


cally. : Which 


& 
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This is alfo demonftrated by the Qui- 


efcence of the Aphelia. For where the faid 


duplicate Proportion doth hold exa&ly, there the 
Aphelia muft reft; when the faid Proportion 
approacheth to the fimple dire& Proportion, then 
. the Aphelia myft go back; but when it inclines 
to the triplicate Proportion, they muft go for- 
wards. Wr 

LXXVII. The Force wherewith the Satellites 
of Fupiter and Saturn are perpetuallv drawn back 
from right Lines, and retain’d in their Orbs, re- 
Ípe& the Centers of "fupiter and Saturn refpedive- 
ly ; and are as the Squares of the Diftances from 
thofe Centers reciprocally. 

For on account of the aforefaid Proportionality 
the Areas about the Centers of "fupiter and Saturn, 
the faid Force muft tend to thofe Centers; and 
becaufe of the fefqui-alteral Proportion which 
the periodic Times have to the Diftances, the 
Quantity of that Force muft be every where in 
the reciprocal duplicate Proportion of the Di- 
ftances, by what was in the foregoing Propofition 
mention d to have been demonftrated by us before. 
But we can fetch no Argument to prove this latter 
Part of our prefent Propofition from the Figure 
of the Orbs; for that thofe Orbs, of which we 
{peak at prefent, are Circles, or Ellipfes not fen- 
fibly different therefrom : Nor confequently from 
the Quiefcence of any Aphelia; for in Circles 
where there can be no Line of the Apfides, there 
are no Aphelia. 


LXXIX. The Force wherewith the Moon is: ; 


perpetually drawn back from a Rectilinear Moti- 


on, and retain'd in its Orb, refpe&ts the Center of i 
the Earth ; and is as the Squares of the feveral 


Diftances from the fame Center reciprocally. 


For 


Ls 


: : $ 
b Mathematical Philofopby. 333 
—— A For on account of the Equality of Areas about 
- theCenter of the Earth in equalTimes,excepting fo 
; far as the fame is difturb'd by the Force of the Sun; 
- the faid Force muft tend unto the Earth: And 
4 Becaufe of the Elliptic Figure of the Orbit, which 
hath the Center of the Earth in one of the Fo- 
ci, the Quantity of the Force niuft be every 
_ where in the reciprocal duplicate Proportion of 
- the Diftances. For altho’ the Figure of the Lu- 
1 nar Orbit be not exa&ly Elliptic, and confequent- 
- ]y the Center of the Earth is not placed exa&ly 
— in one of the Foci of the fame Orbit ; yet not- 
^ withftanding, fince all this Variety doth arife 
- from the difturbing Force of the Sun only, the 
- Figure is to be underftood to be in it felf, or prie 
- marily an exac& Ellipfis, and to have the Earth ~ 
- placed in one"of its Foci; and confequently to 
- have the Centripetal Force in the duplicate Pro- 
portion of the Diftances reciprocally: Yea, 
whilft the thing is as it is , the very flow Motion 
of the Moon’s Apogeum fhews, that that Force 
is in the faid duplicate Proportion very nearly, if 
not exa&ly. For by our Author's Calculation, it. . 
- appears from the flow Progrefs of the Apogeum , 
_ that the Centring Force of the Moon towards the 
Earth, comes above fixty times nearer to the du- 
- plicate than to the triplicate Proportion. Which 
{mall Difference arifing, as was faid, from the . 
A&ion of the Sun, isto be neglected. It remains 
" therefore, that this 2d Part of our Propofition 
- holds good, as it was propounded. Which will 
- alfo be more fully manifeft, by comparing the 
|. Centripetal Force of the Moon with the Force of 
- Gravity upon the Surface of the Earth: Which 
- will be done in the next Propofition. 
LXXIX. The Moon gravitates perpetually 
towards the Earth; and by the Force of Gravity 
| is 
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7 DEDE 
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is always drawn back from a Redtilinear Motion; 
and retain’d in its Orb, E 

For by Experiments of Pendulums, which 
have been made as exa&ly as could be, it appears. 
that the Force of Gravity upon the Surface of. 

the Earth, is of the fame Quantity with the Cen- 
tripetal Force of the Moon; which hath been 

fhew'd to be in the duplicate Proportion of the 

Diftances reciprocally : And confequently from - 
the faid Experiments, that Quantity of the 

^ Moon' Centripetal Force is more fully demon- - 
ftrated; and ‘at the fame time it is fhew'd, that 
that Centripetal Force of the Moon is no other j 
than that Force which we call Gravity. For if © 
any fhould fay that it is different from it, it muft 
be acknowledg’d however that that Centripetal | 
Force of the Moon, whatever it is, would be fele 
upon the Face of the Earth; which Force there- — 
fore; as join'd with the Force of Gravity, would - 
make Bodies to fall to the Earth as fwift again as 
they do, and in the Space of one Second of Time . 
to deícribe 32|2 Englifh Feet inftead of axélr. 
[Unlefs any one fhould fay, that this Force of 
Feet 16,1, in one 2d of T ime, is indeed a Com- 
pound Force, compounded of that.Force where- . 
with the Moon tends to the Center of the Earth, | 
and that Tendency thicher which Bodies upon — 

. the Face of the Earth would have without je 2 
LXXX. The Secondaries of Fupiter and Sas 
ture gravitate towards ‘Fupiter and Saturn ref{pective: — 
ly, and the Planets which are mov’d about the 3$ 
Sun, immediately gravitate to the\Sun; and by. * 
the Force of Gravity are drawn back from Re@i- ey 
linear Motions, and retain’d in their Orbs. os 
For the Revolutions of all thefe Planets about 
their refpe&ive Centers, are Phenomena of the | 
fame Kind with the Revolution of the MPO. 4 
| | about — 
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leout the Earth ; and therefore ought to depend 
"upon Caufes of the fame Kind : Efpecially when 
4t hath been demonftrated, that the Forces on 
"which thefe Revolutions depend, refpe& the 
"Centers of Jupiter, Saturn, and the Sus; and 
"that in departing from Fupiter, Saturn, and the 
"Sun, they decreafe in the fame Proportion, as the 
"Force of Gravity decreafeth in the Recefs from 
d Earth. 

X Corol (1.) Therefore Gravitation is towards 
"all the Planets. For it is certain, that Venus, Mer- 
‘cury, and the reft of the Planets, are Bodies of 
"the fame Kind with Jupiter and Saturn: But we 
‘note alfo in this place, that by the sth Law of 
‘Motion Gravitation is reciprocal; and that as 
‘the Secondaries of Jupiter and Saturn gravitate 
Étowards their Primaries refpectively, fo their Pri- 
!maries gravitate refpedively towards them ; and — 
"the Earth towards the Moon; and the Sun to- 
wards all the Planets, both Primary and Secon- 


. dary. | | b 
i im (2.) The Gravity which refpects every 
Planet, is reciprocally as the Square of the Di- 
! ftance from the Center thereof. ; AP 
| .LXXXI. All Bodies gravitate. towards each 
of the Planets ; and their Weights towards the 
fame Planets, at equal Diftances from the Centet 
of the Planet, are proportional to the Quantity 
1 of Matter in each. | | 

! The Defcent of all heavy Things towards the 
Earth, if you fet afide chat unequal, Retardation 
which arifeth from the Refiftance of the Air, is 
in.equal Times, as hath been obferv'd now fora 
long time, and we alfo noted before ; whether 
- the defcending Bodies be great or mali, foft or 
hard, or of whatfoever Texture of Parts, Which 
exactly agrees with the Experiments of Pendu- 
E.G | | lums 
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lums defcending in Arches, whether Circular or 
Cycloidal. For all Bodies being let down 
at the fame Diftance of the Center of Ofcillation 
from that of Sufpenfion, and in equal Arches, 
make their Afcent and Defcent in equal Spaces of 


Time, and vibrate for a long while, Therefore, 


fince the Obliquity of the Curvilinear Motion is, 
in this Cafe, every where like and equal; the 


fame Bodies let down together in a Vacuum 


would, in equal Times, defcribe equal Spaces in 
a perpendicular Defcent ; and confequently are 
impell'd with a Weight every where exa&ly pro- 
portional ito: the Quantity of the Matter. For 
where a double or treble Quantity of Matter is 
urged witha Force double or able 

wife ; the Velocity of the Motion will always be 


equal: chat is, where any equal Particle of any~ 
Body whatever is urged with an equal Force of - 


Gravity, the Sum of all, whether in a great Body 
or a fmall, will be urged with a proportional 


Force of Gravity ; and all, neitheir accelera-- 


ting nor hindring one another's Endeavours, will 
always defcend with equal Velocity, and will 
in the fame degree gravitate towards the Earth. 
That the "Thing is thus in the Experiments of 
Pendulums, we fhew'd before ; and our Author 
tryd the Matter particularly in Gold, Silver, 


Lead, Glafs, Sand, common Salt, Wood, Water, 

and Wheat. He took two wooden Boxes round — 
and equal, and fill'd one with Wood ; and the © 
fame Weight of Gold he hanged, as exactly as he. 
could, in the Center of Ofcillation of the other. — 


nd no other- - 


The Boxes hanging by equal Cords, of Eleven E 


Foot each, made Pendulums altogether equal, as - 


to Weight, Figure, and the Refiftance of the Air. 
And being placed juft by one another, they were 
found to vibrate equally, and to go and come to- 


gether - 


{ 
4 
* 
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gether for a long while.. And in. Bodies of the 
fame Weight; the Difference | of the Quantity of 
Parc of which:would fcarce amount to the roooth 
- Part of the whole; might, by.thefe-Experiments, 
_ be manifeftly: difcovered. But. now-that the. Ná-. 
quire: ‘of Gravity towards the: reft'of the Planets, 
and towards the: Sun it felf; - is. the fame. as that 
towards the Earth, -there:is:no.reafon to-doubr.. 
- Which is:alfo manifeft/from tlie-Spherical Figure 
of¢all, which! can fcarce be deduced, from any. 
"Thing elfe, than:an: Equilibrium of all che Parts, 
“Mutually gravitating towards; each other.:..Fur- 
‘therniorey let oTerreftrial Bodies...be fappos’d 
- to be lifted 'up.unto the Orb of the Moon, and 
"Being: together: with; the’ Moon, .depriv’d of all 
Motion, to be let down to fall.to the Earth. By. 
"what hath juft been demonftratedjiris certain, that 
‘in equal Times they: would defcribe Spaces, equal 
to thofe which the Moon it felf would deícribe ; 

- and confequenidy; that they are to the; Quantity 
‘of Matter in the Moon, as their. Weights: to- its 
Weight. Befides, becaufe the. Satellites of . Yu- 
piter and Saturn are revolv'd in. Times, which 
are'in the Sefquialteral Proportion to their Di- 
flances: from the Centers of. upiter and Saturn 
refpe&ively ; their accelerating Gravities towards 
Jupiter and Saturn will be reciprocally,. as the 
"Squares of the Diftances from thofe. Centers ; 
'and therefore in all equal Diftances. from Supirer 
"and Saturn, their accelerating Gravides will .be- 
come: equal, and will. equally affect .all Bodies. - 
And. therefore in falling in equal Times, from 
equal Heights, they would defcribe equal Spaces, | 
like as it comes to país in heavy Bodies on this 
our: Earth. And. by the fame Argument, - the 
Planets about the | Sun let down at equal 
n from the Sun, would in. their Defcent 
XbiE Z towards 
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towards the Sun; in equal Times, defcribe equal 
Spaces. Moreover, that the Weights of Fupiter 
and Saturn, and their Satellites towards the: Sun 
are Proportional to the Quantity of Matter, ds 
manifeft from’ the Motion. of the  Satellitesy 
which is moft Regalar; and their Orbits, which 
are almoft Concentrical with their Primaries.: For; 
if fome of thefe were more Atcracted to the Sun: 
in the fame Quantity of "Matter than others; are; 
the Motion of the Satellites would be difturb'd, 
by the Inequality of the Attraction; and fo,‘ far 
difurb'd that “if -at equal Diftances. from, the 
Sun, the accelerating Gravity: of one of Fa 
piter’s Satellites towards the Sun, were greater. or 
leffer than the accelerating: Gravity: of »fupiter i£ 
{elf cowards thé Sun, though it were’ but by one 
toooth Part of the whole Gravity. j then, accord- 
ing to our Author’s Computation, the Diftance 
of the Center of the Orb of the Satelles from the 
Sun, would be greater or leffer than the Diftance 
of ‘Fupiter from the Sun, by a:260oth Part ofthe 
Whole Diftance; or in a Sub-düplicate Proportion 
of the Diftance; that is, by a sth Part of the 
Diftance of the outmoft Satelles, from the Center 
of ‘Fupiter; which Occentricity of the Orb would 
be very fenfible. But the Orbs. of the Satellites 
of Fupiter are concentrick to Fupiter, and there- 
fore the accelerating Gravities of fupiter, and. his 
Catellites towards the Sun, are equal to one ahoe 
her. And by the fame Argument, the Weights 
of Saturn, and its Satellites towards the Sun; at 
equal Diftances from the Sun, are as the Quan- 
tiries of Matter in them. And the Weights of the 
Mooh and Earth towards the Sun, are likewife 
exa&iy Proportional to: the Mafs of Matter cone 
tain’d in them. ^ And the Thing is the fame, as 
to the Weights of each Part. of every ems 
e. |. wards 
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wards any other Ca eg ; whether they be In- 
ternal Parts, or External: For if fome Parts did 
-Braviaate more, others lefs, than according to the 
Baits of the’ whole Matter, the whole Pla- 

net, or Satelles, would, accorditig to the Kind of 
Parts with, which it moft. abounded, gravitate 
more or lefs than according to the Quantity 

of the whole Matter : Bates is juu on to Expe- 
rience. | 
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: Ovoll, Mango fcil the Weights of 
3. Bodies do in no wife depend upon 
, their. Forms and Texture. 

or if they weré varied with the 
oon they would be greater and lefs, 
ccording to the Variety. of the Forms in equal - 
atter; which is altogether contrary to Expe- 
rience. 

Coroll. (2.) 22 399 AT all Bodies which are 
about the Earth, whether Wood, or Metals, 
or Stones, or Water, or Air, or "Vapours, pravis 
tate towards the Earth, and according to the | 
Proportion of che Matter, are equally heavy, 
If Bark, or Wooll, or Air, be of the Weight of 
one Pound in a ‘Vacuum ; and sie oe or Silver, 
Za or 
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or, Brafs, be of. the fame "Weight there, _ the | 
Quantity of Matter will be equal in them all; 7| 

Coroll. (4.) Therefore the Weight of all Bos) 
dies whatever in'a Vacuum, is the moft certain 

Teft of the Quantity of the Matter.” For in Bó- 
dies equal in Bulk, there is wont. to be fo great! 
Difference as to the Denfity, that from the. appa-| 
rent Magnitude, the Quantity of the Matter can| 
in no wife be determin'd. But fince the Quan-| 
tity of the fame is every where, Proportional to. 
the fame Weight, it may be determin’d moft cer-| 
tainly from the fame Weight. | 

Coroll. (4-) Therefore there muft needs be a. 

Vacuum. For if all Spaces were full, the Spe- | 
cifick.Gravity of that Fluid, wherewith the Re- 
cion of the Air, yea, and the Vacuum Of 
Mr. Boyle would be filled, by reafon of the Den- 
fity of the Matter, which is the greateft that can 
be, and moft perfe& or abfolute, or rather infi-| 
. nite, would not fall below, but excéed the Spe- | 
cifick Gravity of Quick-Silver, or Gold, or any 
other. Body, which, is counted the. denfeft and | 
heavieft, And therefore Gold it felf could.not | 
defcend in the Air, which is contrary to .Expe* | 
rience: To omit here thofe Arguments which are 
brought to prové that there could be no Motion | 
in 2 Plenum, which indeed feem folid enough | 
in themfelves. to determine us to the fame Side of 
the Queftion. NU do s Hi ee Beis | 

Coral. (s.) Since therefore the Quantity of | 
the Matter is every where known from the | 
Weight, as well as che Refiftance;. and fince ‘it | 
appears from the Weight, that almoft all Bodies | 
upon the Face of the Earth contain more void | 
Space than folid Matter in them; fince alfo; | 
from the very little, and. almoft ‘imperceptible | 
Refiftance of Planets and Comets, it appears, | 

UP | that | 


i 
| 
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that the Heavenly Spaces are void of all Matter ; 
| yea, that the Planets and Comets themfelves, 
- and alfo the Sun and fixed Stars, are, as it were, 
Points in Comparifon of the void Space : It is 
‘plain, that Nature is fo far from abhorring aVa- 
- cuum, as fome have imagined, the Cartefians efpe- 
cially, that it feems to contain little in it befides 
-a@ Vacuum: So littl can Human Wit perform, 
án tracing out the Works of God, where Mathe- 
“matical Reafonings, and Experiments, are 
wanting. | 
-s4The moft fagacious Mind of Cartes himfelf, 
too; much deftitute of thefe Foundations, was 
never able to. find out the true Phyfical Caufes 
of Things, and thofe which would agree to the 
later Difcoveries. dp | 
- Corol.(6.) The Force of Gravity is of a different 
Kind from the Magnetick Power. For the Mag- 
netick Attraction is not in Proportion to the Mat- 
ter attracted ; fince fome Bodies are more, others 
leís, others not at all attra&ed. And the Mag- 
Ametick Force is far greater, according to the 
Quantity of the Matter, than the Force of Gra- 
vity, fince a very {mall Loadftone may exceed 
the.attra@ing Force of the whole Earth it felf, 
and.lift up an Iron Key from it. Nay, the Mag- 
netick Force may be increasd or remitted in the 
fame Body ; and in the Recefs of the Magnet, 
it decreafeth in more than a duplicate Proportion 
of;the Diftance, which yet is the perpetual 
Proportion of Gravity ; becaufe the Force is. 
‘much ftronger. in the Contact of the Surfaces, 
than when the Bodies are in the leaft {eparated 
from one another. | | MAU 
— ;LXXXII. The Force of Gravity hath Place. 
in all Bodies, all thofe at leaft, which are in the 
Syftem of the Sun, and is Proportional to the 
Quantity of Matter in each. 4 1 "That 
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That all the Planets do gravitate towards each | 
other ; and that the Gravitation towards every | 
one feparately confiderd, is reciprocally as the | 
Square of the Diftance of Places from the Center | 
» of the Planet, we have already prov'd. If there | 
fhould any Doubt arife here, it muft certainly be: | 
about the Gravity of one primary Planet towards | 
another; for as for the common Gravity of all | 
towards their Central Bodies, the "Thing; "by | 
what hath been before demonftrared, is plainery | 
- than to be in any wife denied. But as for the | 
other, we have a plain Proof of that alfo. For | 
when fome Years ago, Saturn tarried along while’ | 
near its Conjunétion with Jupiter; and confe- | 
quently, by reafon of the Magnitude and Near- | 
nefs of its Body, could not but have fome fenfi- | 
ble Effe&, in difturbing the Satellites of “fupiter, | 
if fo be "fupiter, with its Satellites, did gravitate | 
towards Saturn, according to the general Law Of: | 
mutual Attra&ion, the Thing was found to be | 
indeed thus: For Mr. Flamfteed himfelf, who at | 
firft denied any fuch Difturbance in the Motionsof: | 
the Secondary Planets of ‘Fupiter, the Thing being’ | 
better confidered, and the Obfervations being | 
more exa&ly compared with the Calculations, — 
ingenioufly confefs'd, that that Univerfal Law of | 
Gravity holds in this Cafe alfo ; and thar thofe: | 
Motions did indeed appear difturb’d by the Neigh- 
bourhood of Saturn, and accordingly differd from | | 
the former Calculations. It follows therefore, by ' | 
Prop. 81. and the Corollaries thereof, that every: | 
Planet gravitates towards every Planet, ‘and that : 
t 


this Gravitation is Proportional to the Mactér? 

‘contained in them, Moreover, fince all the! 

. Parts of every Planet, as of Mercury for Inftance, | 

do gravitate towards every other Planet, as emus 

for Inffance ; and the Gravity of every Particlé | 
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is to the Gravity of the whole, as the Matter of 
the Part to the Matter of the whole ; and fince 
alfo all. Re-a&ion, by the Sixth Law of Motion, 
is equal to Action; Venus will reciprocally. gra- 
vitate towards all the Parts of Mercury ; and the 
"Gravity of Venws towards every Part, will be as 
the Gravity of the fame towards the whole, as 
the Matter of the Part is to the Matter of the 
whole. 

Corollary. Therefore the Gravity towards eve- 
ry whole Planet arifeth from, and is com- 
pounded of. the Gravity towards each Part ; 
like asit comes to país in Magnetick and Electrick 
AttraGions, where by how much the greater 
the Attrahent. is, fo much the greater, caters 
paribus, isthe Attraction : For all Attraction to- i 
wards the whole, arifes from the Attractions to- 
wards each Part; nor can the Thing be con- 
ceivd otherwife. This will be more eafily un- 
derltood in Gravity, if we conceive many 
‘of the leffer Planets, which attra& all Bodies 
feverally, to meet together, and to make one 
great Planet. For the Force of the whole 
muft be compounded of the Forces of the 
compounding Parts, and be the adequate Refult 
of the fame. 3 
But now, if any one fhould in the fame Place 
obje& ; That all the Bodies with us, on the Face - 
of the Earth, ought to Gravitate thus towards 
each other ; whereas fuch a Sort of Gravitation 
is never perceivd: The Anfwer is ready, 
‘namely, That although the Bodies now fpoken 
of, do indeed Gravitate towards each other, yet 
fince the Gravitation of any particular Body tc- 
wards another, is to the Gravitation of that Body 
towards the whole Earth, at the fame Diftance, as 
— theother Body is to the whole Earth; it muft needs 
A ^ be 
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be far lefs than to fall under the Notice of Senfe; | 

Corl. (2.) The Gravitation towards each equal | 
Particle of a Body , is reciprocally as the Square | 
of the Diftances from the Particles. i3» aR] 


LXXXIIT. If the Matter of Two Globes | 
gravitating each towards the ‘other, on every | 
Side in Places equi-diftant from the Center, be | 
homogeneous, the Weight of either Globe to | 
wards the other, will be reciprocally as the Square 
of the Diftance betwixt the Centers. ! WI 

After that our Author had found that the Gra- 
vity towards the whole Planet doth arife from; | 
and is compounded of the Gravities towards the | 
Parts, and is towards each Part reciprocally pro- | 
portional to the Squares of the Diftances from | 
the Parts; he yet donbted, whethér that duplicate | 
reciprocal Proportion would ‘hold exa@ly in the | 
whole Force compounded of the-many Parts, or | 
only very nearly. - For ir might be that that Pro- | 
portion, in greater Diftances, might hold well. | 
enough; but near che Surface of the Planet, by | 
Reafon of the unequal Diftances of the Particles; | 
and their unlike Situations, ic might notably err. | 
But at length, by Prop. 44 and 45, and their Co- — 
rollaries, he underftood that the fame Proportion | 
holds exa&ly in fach fpherical Bodies, as are | 
equally cenfe every where at che fame Diftance | 
from the Cente;s. T 


LXXXIV. A Prob. To determine the Weights. | 
of Bodies towards the Planets or thé Sun, at given | 
Diftances from the Centers of them. ^ E" 

Cafe (1.) To determine the Weights of Bodies — 
placed without the Surface of the Planets at equal 
Diftances. Now fince the Weights,at equal Diftan- 
ces, are asthe Quantities of Matter in the Planets | 

Jig ee towards 


r 


\ 
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— towards which the Gravitation is ; and fince that 
- Weight or Quantity of Matter is known only by 


- the Quantity of the Attraction, asthe Caufe by — 


; the Effe& ; and fince, laftly , thac Quantity of 


-———-B i> - 


Attraétion-is directly proportional to the Squares 


of the Velocities in thefe: equal Circles, or reci- 


_ procally to the Squares of the periodic Times ; 


MEN 


the Proportions of thé: Weights will eafily be 
known from the Squares of the Velocities. From 
the periodic Times therefore of the Planets that 


have others revolving about them , which Times 
- were declared before; the Proportion of the 


Weights towards the Sun, Jupiter, Saturn, and the 


Earth refpectively, will be as follows. 


Sun ——— 229600 
Fupiter ——' 208| 72 
Saturn ——— |. 995338 
Y The Earth -— I 

. The Moon —— e. 


Now the fame Numbers which fhew the Propor- 


tion of the Weight, fhew likewife che Proportion 


of the Quantity of the Matter. But as for redu- 
cing the periodic Times agreeing to the real Di- 


i ftances, to periodic Times agreeing to any given 
— Diftance, it is eafily done by this Analogy ; 


As the Cube of the«real Diítance. is. to the: 


Cube of the Diftance given; fo is the Square of 


the real periodic Time, tothe Square of the peri- 


odic Time fought. The fquare Root therefore 
of this Number-will give the periodic Time which 


_ is fought: And by this means the Proportions of 


_ the Weights and Matter in the Sus, in Fupiter, in 


- Saturn, and the Earth, are obtain'd. And altho’ the: 


Moon, which hath noSatelles about it, doth afford 
no fuch Argument as this of a Satellic's Weight to- 
FETU wards 
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wards it, or the Quantity of its own Matters | 
yet notwichttanding ; fince it prefents to us | 
| 


another Argument of the fame Thing, to | 


wit, in the Flux and Reflux of the Sea; we 
thought it not improper to fet down in this place, 
and by way of Anticipation, that Graviration. 


v 


towards this Planet, which will afterwards be 


provid from that Flux and Reflux. onan | 
Cafe (2.) To determine theWeights of Bodies at 


the Diftances of the Semi-diameters of the Pla- | 
| 


nets, or upon their Surfaces. This is done by 
the fame Method as in the former Cafe, and by 


. the like Analogy accommodated to thefe particu- | 
, lar Diftances. In which Calculation, if we take | 


ll 
i 
f 


| 
| 


Mr. Flam/teed’s Semi-diameters of the Planets for | 


the true ones, they will ftand thus : 


The Sun 764460 eh D 


bn 
Saturn 67870 8 
T pisi: | | 81155 2 
ars ee e AAAAN T 
The Eathf 15 19 Diameter A sux 
ud tima ei 
enus © | 7906 J 35 
Mercury... | 4240 . By 


The Weight therefore of equal Bodies upon 


the Surfaces of thofe Stars» is as follows: -. 


U( The Sun — — — 245 
3) The Earth : } ! 

Yum MÀ aee. 
The Morn — oof 515 
e Satur cmo 7 


I 


The Weight 
towards 


April 26, .1708.. 


i 
| 
i, 
| 
|| 
| 


| 


| 
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M ac XXXV. 


the Denfities of the Pla- 

99 A €* nets; Since we have the 
Ke Quantity of the Matter 
! in five Planets determin'd 


LXXXV. ECTS Problem. To. determine. 


in the former Cafe of the laft Propofition ; and 


in the latter- Cafe, we have the Diameters of 


the Planets determin’d according to Mr. Flamfleed ; 
it will be.no difficult thing, from the given Quan- | 


tity of Matter contain’d in the given Spheres, to 
compute the Denfity of the fame Matter; which 


| is done to hand i in the following Table. 


"The Moon aloo 
-The Earth —— 3187 
‘The Denfity of 4 The Sus. ——— 1|00 
S upiter o| 76 


Saturn —À — Qo 60 


“LXXXVL Gravity in proceeding from the. 
Surfaces of the Planets downwards, decreafeth in. 


-the fimple Proportion of the Diftances from the 
Centers very nearly. ho 


For if the Matter | of the Planet were “every. 
where: the fame as'to Denfity , this Proportion 


. would hold exa&ly by Prep. 47. And where it 


— 


obtains not exactly, the Difagreement is no other. 
than’fuch as the unequal Denfity onght to pro- 
ducer? 
Corallaby. Therefore the Gravity of Bodies on 
the Surfaces of the Planets; is the greateft of all, 
and 
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and on both Sides decreafeth; and is upwards 
in the reciprocal duplicate Proportion of the Di- 
ftance, and downwards in the fimple Proportion 
dire&. ! 
LXXXVIE. The Motion of Planets and 
Comets may be maintain'd for a very long Space. 
of Time in the Heavens. | StS meas 
For fince the Refiftance of Mediums, which 
alone can ftop or retard thefe Motions once begun, 
is diminifh'd in Proportion to the Weight or Den- 
fity of the Matter; fo that Water, which is near’ 
. 14 times lighter than Quickfilver , doth:refift lefs 
in the fame Proportion; and Air, which is: als’ 
moft a thoufand times lighter than Water,doth re- 
fift lefs in the fame Proportion: If we look be- 
yond our Atmofphere, which- doth-it- felf’ alfo. 
wax more rare by degrees, as it were infinitely, 
into the Heavens, where the Weight or Denfity 
of the Medium is vaftly diminifh'd, above what 
it is in any Part of our Atmofphere ; the Refi- 
ftance will be fo very fmall,'that for fome thou- 
fands of Years it can fcarce become any whit 
fenfible; accordingly it is evident that it hath been 
infenfible ,~ -becaufe the Celeftial Motions’ 
have endured from the Infancy of Aftronomy 
unto this Day, without any notable Change or 
Lofs of Motion. 7. 3o t9? 
Corollary. But fince, in an infinite Duration, 
that very {mall Refiftance, if there beany, muft. 
needs retard and ftop all thofe Motions; it is - 
manifeft upon this Hypothefis, that the!prefenc- 
State of the Heavens neither was eternal! 4) farte. 
ante, nor fhall be fo 2 parte pof.. And this will-hold. 
good upon another Accountalfo, efpecially if with 
Sir Ifaac Newton we {uppofe the Force of Gravity 
to obtain not only in the Solar Syftem,. but. alfo 
thro’ the whole. Univerfe, For if the Fixed 
| Stars, 
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- Stars, or Suns with their Planets and Gomets, of 
whatfoever Number they are, fo that it be not in- 
finite, be fubje& tothe Force of Gravity ; In an 
infinite "Time it would have come to pafs thou- 
- fands, of Years ago; that they would have been 
gathered together into one Heap, and have been 
reduc'd to reft in the Center of the Univerfe. 
Which thing alfo would, fome time or other, come 
to pafs in an infinite Time yet to come, without 
the Interpofition of the Divine Providence. As 
- therefore the prefent State of Things had a Be- 
ginning, which is owing to the good Will, Wif- 
dom, and Power of Almighty God; fo at length 
it may and will have an End upon the foregoing 
- Hypothefis, that is, according to the Natural or 
Eftablifh’d Order of Things; unlefs it fhould 
. pleafe Almighty God; by his extraordinary Inter- 
pofition, to prevent it: Without whofe continual 
- Anterpofition; on which this wonderful Force of 
Gravity: wholly depends ,’it cannot laft the leaft 

— Space of’ Time. 4 
LXXXVIHIE. The common Center of Gra- 
vity of tlie Earth, Sun, and all the Planets, ei- 
ther refts, or is mov'd uniformly in a right Line. 
- This is manife(t from what hath been demonftra- 
ted before: Büt indeed it appears by no certain 
Token, ‘whether it reftsor is mov'd. This only 
- is to be concluded, That if ic be mov'd, and - 
- with it thé whole Solar Syftem, the Motion muft 
needs be very flow [ unlefs it be mov'd uniformly 
and evenly with the Centers of other Syftems.] 
. For thé Fixed Stars, which encompafs us on eve- 
yy Side, neither appear greater nor Jefs to us at 
this Day, than they did to the Ancient Aftrono- - 
mers 2660 Yéar$ ago. Which Phenomena feems 
to fhew the reft, or at leaft the very flow Motion 
of thefaid Center. 3 JIS: 
pr 2 | Corel, 
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Corol, (x.) Hence the common Center or 
Gravity of the Sun, and all the Planets, is to be 
reckon'd for the Center of the Solar Syftem,. or 
Planetary World. . For fince the Sun,.-and_all the 
Planets, gravitate towardsone another, and there- 
fore are in perpetual Agitation, more or les, ac- 
cording to the Force of their Gravity, as it hath 
been fhew'd. under the foregoing Laws of Mo- 
tion; it is plain, that their moveable Centers 
ought not to be reckon'd for the quiefcent Center 
of the World. If that Body indeed is to be pla- 
ced in che Center, towards which all other Bodies 
do moft gravitate, and which is next of all to the 
unmoveable Center, as ic is reafonable that we 
fhould efteem it ; that. Privilege certainly is to 
be allow'd to the Body of: the Sun ; which there- 
fore , fpeaking phyfically, is defervedly ac- 
counted, the Center of the Planetary World. But, if 
we would fpeak accurately and mathematically, 
fince the Sun it felf is mov'd, and.no fenfible Bo- 
dy doth reft in the Center; the Center of Gravi- 
ty of the whole Syftem isto be chofen for the real 
Center of our World,. which Center doth indeed 
moft probably reft, and the Center of the Sun 
comes very near to it« Upon the whole therefore, 
Phyfically che Sun, but Mathematically, the Cen- 
ter of Gravity is the Center of. our World. 

* Corel. (2.) - There is therefore no perfec Reft 
of a real Being in Nature. . For fuppofing thatthe 
common Center of the Syftem doth reft, that is 
the:os/j thing (if we may fo call it). which doth 
reft ; all the Parts of che Syftems being in perpe- 
tual Motion. I faid real Being ; becaufe this Cen- 
ter of Gravity is not a phyfical. Body , or any 
thing real, or other chan a Mathematical Point, e, 
a plain Nothing : from whence, in confequence of | 
our prefent Argument, it is to be faid that.nothing 
| real 
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real doth reft, or that there is not. any real and 
4 abfolute Reft in the whole Solar Syftem, | 
! .LXXXIX. The Body of the Sun doth never 


commonly happen, the Di(taace of the Centers 
"1 ^ d 
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is lefs; and where the Planets placed on this Side 
and on. that do counterpoize one another, none 
atall. ‘Therefore, altho’ the Center of Gravity 
be indeed füpposd to reft; the Sun, by Reafon: 
of the various Situation of the Planets, will be: 
. mov'd a little towards all Parts; but. will never 
depart far from that common Center of Gravity. 
XC. All the Primary Planets are mov’d in 
Ellipfes, which have a common Focus in the Cen- 
ter of the Sun; and by Rays drawn to that Cen-- 
ter, they defcribe Areas proportional to the 
. Times. ‘This is true alfo in the'Sécondaies;, 
as revolving about the Centers of their Primaries, 
We deduc'd thefe things above from Aftronomi- 
cal Phenomena; but now the Principles of thefe 
Motions being known and eftablifhed, from thefe 
we gather thefe heavenly Motions 2. priori; For 
from the Direction of Gravity towards the Cen- 
ters of the Suh and primary Planets, the forefaid. 
Proportionality of the defcribed Areas doth fol- 
low ; and from the Law of Gravity towards thofe 
. Centers, which is in the reciprocal duplicate Pro- 
portion of the Diftance, that Elliptic Figure of 
the Orbs about thofe Centers placed in the ‘Foci 
is neceffarily derivd, as we have demonftra- 
ted above out of our Author. And thefe things 
would be exaétly thus, if the Sun and the Prima- ~ 
ry Planets refted from acing mutually upon one 
another. . For their Orbs would be in Geometri- 
cal Sri&nefs Elliptical; and the defcribed: Areas 
would be exa&ly proportional to the Times. "How- - 
ever, thofe mutual A&ions of the Sun and Planets 
upon one another are fo very fmall,that they-ought 
not to be regarded. And the Motion of the'Pla- — 
nets about the Sun as’ moveable, or any other 
Planet as fuch, is lefs difturb'd than ic would be 
if the fame were unmoveable, as we obferv’d'be- 
fore: | From 
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From whence, fpéaking phyfically , the 
-Propofiion is ftill to be accounted true. The 
 Adtion indeed of ‘fupiter upon Saturn, and its 
- five Satellites ; and of Saturn upon Fapiter and ics 
- four Satellits, is not altogether to be neglects 
ed: Since thefe Planets are great ones, and pla- 
ced at a very great Diftance from the Sun. From 
- whence, by their mutual Attractions about’ their 
- Heliocentric Conjun&ions ; which, by reafon o 
the Slownefs of their Motions, endure for no 
{mall Time; fome Inequalities will arife on both 
Sides, as well in the Figures of their Orbits, as 
- in their Motions ; but yet fcarce to be fo much di- 
- ftinguifh'd in the unequal Motions of the Prima- 
ries themfelves, as in thofe of their Secondaries, 
of thofe about Fupiter efpecially. 
_ Scholium. According to our Author's Compu- 
“tation, the difturbing Force or Gravity of Saturn 
towards "fupiter is to the Gravity of Saturn 
towards the Sun, about the Conjunction of thofe 
- Planets, as r is to 204, or thereabouts. And the 
"Difference of the Graviries of the Sun towards 
Saturn, and of ‘Fupiter cowards’ Saturn, is to the 
- Gravity of »piter towasds the Sun, as t to 1924. 
To which Difference the greareft difturb- 
-ei$ng Force of Saturn towards Jupiter is propor- 
‘tional. | From whence the Difturbance of the Orb 
of ‘fupiter is far lefs chan is that of Saturn: But 
the Difturbances,which are in the reft of cheOrbs, 
- are fo very {mall, that they are not to be regarded, 
- XCI. The Aphelia and Nodes of the Orbs 
‘do reft. Becaufe of the Force of Gravity in 
the duplicate. Proportion of their Diftances re+ 
EIS , the Apfes and Aphelia oughs to reft 
of themfelves; as was noted before. And be- 
caufe the fame Force doth always refpe& a Point 
almoft unmoveable, the Planes of the Orbsought 
J Aa alío 
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alfo to reft; and when the Planes reft, the Nodes 
or Interfections of the Orbs muft reft too. But 
it isto be noted, that in Succeffion of Time fome 
Inequalities will arife from the Actions of Planets 
and Comets upon one another; but that they 
will be fo very fmall, that by reafon thereof they 
are not to be regarded. It is alfo to be noted, 
that we do in this place fuppofe, with all Aftro- 
nomers, the Reft of the Center of Gravity of the 
whole Syftem ; altho’, as was hinted above, we 
are not yet able to demon/frate that Reft. Thefe 
Things fuppofed, we fhall deduce the following 
Corollaries. | : 

Corol. (1.). The Fixed Stars reft, becaufe that 
they keep their given Pofitions towards the Aphe- 
lia and Nodes which reft. This will feem a 
new Way of reafoning in Aftronomy, to infer 
the Reft of the Fixed Stars from the Reft of the 
Syftems of the Planets; whereas, on the contra- 
ry, we have hitherto been wont to determine the 
Motions of the Planets from the fuppofed Reft 
of the Fixed Stars. And thus it muft needs have 
been, fo long as our Famous Author’s true Caufes 
of the Celeftial Motions were unknown. 

Corol. (2.) . Since. the Parallax of the Fixed 
Stars, even the Annual, is fo very fmall that 4 
fcarce falls under the Obfervation of the el 
accurate Obfervers: The Force. of thofe Stars, 
by Reafon of their immenfe Diftance, can pro- 
duce no fenfible Effe&s in our Syftem. 

Corol. (3.) From whence it follows, that 7u- 
diciary Affrology, as itis called, which depends not 
only upon the; Pofitions and Influences of the 
Planets, but of the Fixed Stars alfo, wants 2 
fure Foundation ; fince it fuppofeth the Forces o 
thofe Bodies to be exceeding great, which: 
"the foregoing Corollary has rightly obfervd, 

| aré 
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are indeed very fimall, or rather none at all. Bue 
‘we may add this alfo in the. prefent Cafe, that. 
“the influential Force of all the reft of the Planets, 
‘excepting the Sun and Moon, which Aftrologers 
‘talk fo much of, is either by reafon of the Ím- 
. menfe Diftance, or the Smallnefs of their Bodies, 
fo very litcle in our Atmofphere, and about the. 
Earth, that it.can fcarce be by any fure Token . 
difcernd ; fo fat isit from being able to produce 
‘thofe great and wonderful Effe&s which they 
 fuppofe. Thofe who, like Idolaters, conceive the 
Stars to be Gods, or that Gods poffefs and ani- 
“mate them, have fomewhat wherewithal they 
may maintain their Hypothefis: Buc as for them ~ 
“who have quitted fo grofs an Error as that, it is 
a Wonder how they fhould come to adhere thus 
- obftinately ftill, to chofe Aftrological Trifles and 
- Abfurdities. vas | T PSU 


_ May 17. 1708. | ERO NM 
SESS 


XCIL 3 HE Diurnal Métions of the 
a $273 Planets are uniform and equa- 
0 S, TES ble; and the Librations of the 
Hogan d s Moon arifes from its Diurnal 
EL. T equable Motion, as compar'd 
with its Menftrual Inequable, and perform'd ac- 
cording to an Axis inclin’d to its Orbit. 
_ hele Things are noted elfewhere ; and there- 
fore we need not make many Words about them _ 
 Éow,But becaufe the Day of the Moon,as revolving — 
A A 2 . Uni, 


"ur 


356 | Mathematical P bilofopby. 
Uniformly about its own Axis, is a Month; 

CI mean here the Periodic Month;) The fame 

Face of this Planet will always nearly refpe& di 
Superior Focus of che Ellipfis, but not the Earth, 
which is placed in the Inferior Focns; becaufe the 
Angular Motion alfo about that Focus is almofl 
equal, but about the Earth plainly unequal. And 
therefore, according to the Sicuation of the Supe- 
rior Focus, it will decline commonly on this Side, 
and on that from the Earth, and will fhew to us 
fometimes more Ezfferly, fometimes, more Wefter- 
ly Parts; which is the Libration of the Moon as to 
Longitude, But the Libration of the fame as to Lati- 
- tude, wherein fometimes more Northerly, and at 
other times more Southerly Parts are prefented to 
us, muft!arife from the Inclination of the 
~ Moon’s Axis to the Plane of the Orbit ; as is ma- 
nifeft to him that confiders it. | A" 


- Cerollary. We may note alfo in this place, as we 
have done elfewhere, how exa&ly thefe two Mo- 
tions of the Moon; which in no wife depend one 
upon the other, to wit, the Diurnal and Men- 
ftrual, do agree together ; fo that che one hath not 
been found for above thefe 2000 Years, to overgo 
the other in the leaft. Which could mot be without 
the Providence of God, | P 


XCIIL The Axes of the Sun and Planets, 
which are moved with a Diurnal Motion, are lefs 
chan thofe Diameters which are Perpendicular to 
thofe Axes. Or the Figure of the Sun and Pla- 
nets, which are revolv'd each about its own Cen- 
ter, is that of an Oblate Spheriod ; that is, that of. 
a Solid produc’d by the Revolution of an Ellipfis - 
about its Leffer Axis. hern Kou 


The. 
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"The Planets, and.all the Celeftial Bodies what- 


LE A 


fame Length of the Pendulum, are brought to . 


Aa 3 the 


t 
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the Equator, fo much the more Slow ‘theif Vis 
‘brations are obferv'd to be; and by how much 
. the nearer chey come to the Polés, their Vibratiz 
ons are found fo much the quicker + becaufe the 
Center of the Earth, which in the former Cafe is! 
more remote, and in the latter nearer, doth pro- 
mote the Acceleration and Retardation of the: 
pendulous Bodies refpectively + as ic muft nece(^ 
farily come to pafs according to the prefent Pro-^ 
pofiticn. ae ES et a oe " SHE JEDI Ili hne ud 1 
“Scholium, Tf you would know exa&tly the Prod: 
portion of the Axisof every Planet unto the Dià-" 
meters of the Equator, you müft'go throush the” 
manifold Intricacies‘of our Authors Calculation”? 
‘Bue if you would have che Benefit. of this Calo! 
culation without "the ‘Trouble of the "ame 
take it thus.’ By" Calculation out’ Author foci 
that the Centrifugal Force ‘of the’ Parts’ of the” 
Earch under the’ Equator,’ afifing from the “Diur- 
nal'Motion, isto thé Force of Gravity upon the? 
Süperficies of the Earth, as Y'is to 289. “From® 
whence if(inFig.1. Plzteog.) A PB OQ reprefents the- 
Figure of thé Earth, produced from the Revolu-- 
tion of an Ellipfis about the Leffér Axis P O°! 
and ACQ; acq bea Canal full of Water, tead! zi 
ing from the Pole Qq’ to the Center CC; and. 
from thence going’ forwards towards the AR E I 
A3; the Weight of thé Water in the'Leg of the: 
Canal A C ca, is^to the Weight of the Water ' 
im the other Leg 'O C cq; 25:289 "is to 288 al- 
moft. Becaufe the Centrifugal “Force “arifing’? 
from the Circular Motion, will füflain and” 
take away one Part front the 289 Parts ; and che ^ 
Weight 288 in the other Tube will füftain the reft ^ 
of the Parts, For the Thing is not only trüe in^ 
the Surface of thé Earth, but in all che Parts 
of both the "Tubes, becaufe the Centrifugal’ 
2A 5: at de Force, 
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Force, and the Gravity of the inferior Parts, as 
taken every where at proportional Diftances from 
_ the Center, are diminifh'd in the fame Proportion 
in the Progrefs to the Center, And then, by 
- continuing the Calculation, the Gravity towards 
the Earth in the Place Q will be to the Gravity 
' in the Place A, as sor isto $00; and the. Cen- 
- trifugal Force si will make that the Excefs-of Al- . 
- titude in the Leg A C c a, fhould be a 4j = zxth 
- Part of the Altitude in the other Leg QC cq; 
- or in our Earth, that the Semi-diameter of the 
- Earth at the Equator, fhould exceed the Semi- 

- axis or Semi-diameter at the Poles by about 17 & 

Miles. 'Thefe Things, I fay, will be thus, in 
-— €afe that the Earth confifts of an uniform Mat- 
-ter. For if the Matter at the Center be more 
- denfe, as certainly it ought to be, than at.the 
— Surface ; the Excefs,of Altitude at the Equator 

müít be fomething greater: becaufe that if the 
- redundant Matter at the Center, whereby the 
- Denfity is made greater, be fubduéted and confi- 
- dered feparately; the Gravity towards the reft:of 
— the Earth uniformly denfe, will be reciprocally as 
- the Diftance of the Weight from the Center; but 
- the Gravitation towards the fame redundant Mat- 
- ter, will be reciprocally as the-Square of the Die 

ftance from that Matter nearly. © Therefore the 
Gravity under the Equator, iwhich is towards: 
that redundant Matter, willbe lefs chan the:Gra+ 
vity was towards the Place: of that Matter by ther 

- foregoing Calculation; and therefore the Earth 
. there, by Reafon of the Defect of Gravity, wall 
- afcend fomething higher than was defin'd above. 
But now the French have found by Experiments, 
that the Length of Pendulums: performing their 

Vibrations in one Second of Time towards the. 

Equator, is lefs chan that.in which they )perform 

buc ur Ue M. | the 
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the fame towards thé Polesin a greater Proportion. 
than the. foregoing: Calculation requires.» ‘And 


^. therefore the Earth feems to be much higher at. 


the Equatór, ^ than the foregoing Computation — 
makesit to be, and indeed no lefs than 21 ; Miles: 
and' accordingly to. be denfer at the Center than | 
in Mines nearthe Surface, as Reafon altogether 
rédniresis^: 1 sd 4; lU degutt 
- Corel, (x) Tf the’ Excefs of Gravity in the 
Parts about the Poles, above that which is in the i 
Equatoreal Parts, were once more exactly defin’d: 
by more accurate:xExperiments. made to thac Pure 
pofe, we fhouldarlength have an univerfal Mea- — 
fure determin'd.; that, 'to, wit; which would ex« 
actly. define the due Length of .a Pendulum: for: 
- Seconds', in the -feveral “Places which He be- 
twixe the Equatórand the:Poies. «From whence; 
as well an Equation of Time, which is now indi- 
cated by:equal.Pendulums in divers Places, as the 
Proportion of the Semi-diameters of ‘the Earthy 
andof the Denfity-of «lie fame at the Center, fa - 
that the fame beofuppos’d to increafe uniformly). 
will become known. > . 7inoaolienrr® ails 
Corel. (2:) Since the Proportion is the famen - 
a Canal full. of Water, as in one fill'd. with any 
other Fluid; and the famealfoas in the Fart h,which: 
is fuppos'd to be fluid within ; While in the mean: 
time in a folid Earth the thing is ocherwife ; fince 
alio it is known by Experiments and Obfervations, 
that the Earth is indeed higher at the Equator’ 
than at the Poles: from thence it i5 manifeft, 
that either the: whole Earth was fluid, when its - 
diurnal 'Motioa. firft began ; Or:at leaft that it. - 
contain'd:a great Fluid within, which, by yields 
ing, might. give, place to: the; Elevation at the 
Equator, and Depreffion at the.Poles; - edt 
Gorol (3) Uf the diurnal Motion.of the "ven 


r1 


f 
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- fhould be gradually retarded, unlefs it contain'd 
-. within it fome great Fluid, which would give 


way to the Change of its Figure; the Seas would 


—. defcend towards the Poles, and overflow all there. 


Corol. (4.) If the diurnal Motion of a Planet, 
of a greater or leffer Magnitude, but of a given 
Denfity, be accelerated or retarded in any Pro- 
portion whatever, the Centrifugal Force will be. 
increas'd or diminifh'd from thence in the dupli- 
cate Proportion thereof ; | becaufe of. the In- 


— creafe or Diminution, both of the Curvature 


TO 


and the Velocity in the fame Proportion ; 

and therefore the Difference of Semi-diame- | 
ters will be increas'd or diminifh'd. in that 
fame duplicate Proportion... But if the Denfity be 
increasd or diminifh'd in any Proportion whatfo- 
ever, becaufe the Gravity is increasd or di- 
minifh'd in the fame Proportion, the Difference 


- of Semi-diameters will be increas'd or diminith’d 


in that fame. Proportion alfo:: That is, the 


Difference of Semi-diameters will bein a Propor- 

tion compounded of. the duplicate Proportion of 

the periodic Times, and.the fimple Proportion 

of the Denfity, both reciprocal. | From. whence, 

fince the Difference. of Semi-diameters in the 
3 


- Earth is —— Parts of the whole Semi-diameter ; 


~ 


687 
and the Square of the periodic Time in Fupiter, 
which periodic Time is 95. 56’, is to the Square 
of 24". the periodic Time in the Earth, as ¢ to 
29; and the Denfity of Fupiter is to the Denfity 


. of the Earth; as 1 is to 4: the Difference of 
..the Semi-diameters in Fupiter will be to the Diffe- 


. rence of the Semi-diameters in the Earth, as 


29. 5 


i I L . : » 
vi -— in—- is to x, or as One is to Eight. 
| 229 


$ I 
Therefore the Semi-diameter of the Equator 
gg | of 
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of the Equator of Jupiter, is to the Semi-axis as 
9 to 8. From whence, by the way, it is no | 


wonder that fo great a Difference fhould lie open 


to Aftronomical Obfervation. But it is to be re-: 
mark'd, that thefe Things are thus, where the 


Denfity of the Planet is uniform. But if ther 
Matter of ‘Fapiter be denfer at the Center than at | 


the Circumference, as it was before obferv'd in 
general; the Difference of Semi-diameters’ will 
be greater ftill, and more eafy to be obferv'd. 
Let the Aftronomical Obfervers therefore take: 
notice how far this Corollary agrees with the 
Diameters of upiter, which are meafur'd by the 
Micrometer. uio onm 


XCIV. The Increafe of Weight ifl’ going 


forwards from the Equator to the Poles, is very 
near as the Square of the right Sine of Latitude ; 
or, which is the fame, as the verfed Sinés of Lati-' 
tude chemfelves, * | Mi i 

Becaufe the Weights of the unequal Legs of 
the Canal of Water AC Q qca-dre equal, 
and do poize one another; and thé Weights of! 
the Parts, like or fimilar to the whole Legs, and: 
which are'alike fituated, are to one another as the: 
Weights ‘of the Wholes, and confequently are: 
equal betwixt themfelves; the Weiglits of the: 
Parts, which are equal, and alike fituated in the 


Legs will, be reciprocally as the Legs:;thiatis, re. — 


ciprocally: as the ‘Diftances of the: Bodies from 
the Center of the Earth. | And the«thing is the; 


fame inall homogeneous and equal Bodiés whac~ —— 


foever, which are alike fituated in the Legs of the. 


Canal . Bodies placed in the uppermoft Parts. 3 


of the Canals, or in the Surface of the Earth,: 
will have their Weights in that Proportion to one- 
another'reciprocally, as their Diftancés from the 


Center arc ; And the fame is to be faid of Weights, - 


in 


Sa hese ae a a ee 
2 DIIS 


TI— 


hmÀ 


rom UA Ii. 


if any other Regions whatever, through the 
whole Surface of che Earth. And the Increafe 
of Weight in the Earth, which is a Spheroidal 
- Oblate Body, as the Famous Dr. Gregory hath de- 


— monftrated CAffron. Book TII. Prop. $2.) is as the 


e 


— arife from like Caufes. 


_ Sqüare of the right Sine of the Latitude of the 


Place, or, which comes to the fame, às the verfed 
Sine of Latitude nearly. 

Coroll. Since therefore Dr. Gregory hath de- 
monftrated in the fame Place, that the Longi- 
tudes of Pendulums vibrating in equal Time, are 


» betwixt themfelves as the Diftances from the Cen- 
. ter of the Earth reciprocally; the Difference o 


the Length of Pendulums will be as the Square 
of the right Sine of Latitude: And thus every 
Brace. a Pe dt 4 

XCV. The unequal Motions of the Satellites 


- of “Fupiter'and Saturn are plainly like and analo-- 


gous to the unequal Motions of the Moon, and 


“IT mean the Motion of the Nodes in Antece- 


- dentia; and of the Apfes fometimes in Anteceden- 


_ tia, but*more flowly, and fometimes in Confequen- 
_ tia mote fwiftly, and by the Excefs of ‘this latter 
| Motion their being mov'd in Confequentia upon 
|. die Wholé; the Motion of Variation, and the 


reft of the like Motions, muft be the fame in 
thefe Secondary Planets as in the Moon, and’ 


| therefore do not require to be diftinétly handled. 
Te is “trae, that by Reafon of the Smallnefs of - 
|. thefe Inequalities, and Slownefs of thefe Moti-- 


. ofis in thé other Secondaries, their Motions ap- 


pear very regular, when compared with the Mo- 


tions of che Moon; which hath made fome of 


|. the later Aftronomers to deny all Motion to the. 


Nodes of thofe other Secondaries. Neverthelefs, 


Mr, Flamed, in conferring his Obfervations with 


thofe 
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thofe of Mr. Cafisi, hath found that the Nodes _ 
| of thofe about ‘Fupiter do indeed go back. though 
more flowly ; and it is, not to be doubted, but. 
that Time. will more certainly and.exa&ly difco- 
ver and determine the fame, and all theothermen-. 
tion'd Inequalities in the Satellites, bothiof . apo 


ttr and Saturs, - 


€ y^ 
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XCVL 27 SPS HE Flax and Reflux of the 


Sea arifes from the Gravita- 


. $8 T Be dion of the Water towards the 
& sun and. Moon, or the,Agr- * 
& 


tractions of thofe Luminaries. 
"That the Sea in the Space of every Day, as well . 
Lunar as Solar, ought to fwell twice, and twice 
to fettle and fall-back, is manife(t from what. hath 
been demontftrated above. But that the greate 
eft. heighth of the Water doth not fall-juft at. 
the Appulfe of the Luminaries to the Meridian, 
but follows the fame by the Space of about three;. 
Hours, is what we fhall. now undertake to expli- 
cate. That the thing is indeed fo, appears from 


the Obfervations of the Tides, as well as in the _ | 


Atlantic Ocean, and the whole Eaffers Tra& of . 
the Ethiopic betwixt France and. the Cape of. Good, . 


Hope, as upon the Coatt of the Pacific along Chili) — | 


and Pers... [n all which Shores, the High-Water.: 
falls about three. Hours after the T ime afro 
| . .. unlels 
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- unlefs it be where the Motion fs not retarded by 
its being propagated through Shallows. Now the 
Reafon is this: When the Luminary is in che Me- 
. ridian, the atcracting, Force is then certainly at 
the greateft, but the Effe& of that Force is not 
yet come to its Height. For all imprefsd Moti- 
on perfeveres uniformly until a contrary Motion 
-deftroys, or at leaft retards it. The Flux of the 
Sea, or Ocean rather, which for the Six Morning 
Hours, if we may fo call them when we fpeak 


—— of the Moon, is continually increas'd ; and by 


its confpiring with the diurnal Motion, accelera- 
ted; ought, by reafon of this its greater Celerity, 
to go forwards fill farther, and to accumulate 
the Waters more and more, until the fame Force, 
by tending afterwards contrary to the diurnal 
Motion, doth by degrees retard the Courfe of 
"that Motion which is going forwards; and by 
and by to make the fame Waters to proceed with 
fo flow a Motion, that a Reflux of the Ocean fol- 
lows: Which Retardation of the Motion ought 
to be moft notable about the O&ants, or the third 
Hour. Examples of fuch like greateft Effects, as 
following fome Space of Time after their greateft 
Caufes, we have yearly in the greateít Heat of 
the Summer, and Cold of the Winter; which 
falls not in the Solftices themfelves, . but about che 
O&ants, if I may fo fpeak, about a Month and — 
an half after; and in every Summer-day, in the 
greateft Heat of the Day, which happens an 
Hour or two after Noon, rather than at the Noon 
it felf. So.in the prefent Cafe, whilft after the 
greateft Force of all, and that raifing of the Wa- 
ters which is thereby, Forces next to the greateft, 
| and not yet turned to the contrary Part, do ftill 
|. operate; the Forces which are lefs than the 
greateft, being fuper-added to the Motions which. 

were 
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were ftirr’d up by the greateft, and go forward 
by their own proper Tendency, muft needs, ob- 
tain a greater Effe&t, than Forces ftill increafing, 
fuper-added to leffer Motions, could have. Then 
it is to be noted alfo, that the attra&ing Force it 
felf, which lifts the Water dire&ly upwards, doth 
fcarce fenfibly fall fhort of its greateft Quantity 
for an Hour or two after the Appulfe of the Lu- - 
minary to the Meridian, altho’ the Direction of 
the Attraction which accelerates or retards the 
Waters, be directly upwards in the. Meridian it 
felf, and from thence is chang’d. ‘The Waters | 
therefore will be moft accumulated, where the 
Parts, which have juft now pafs'd the Meridian 
with the greateft Velocity, do fall upon other - 
Parts which had before been retarded at the Qua- 
drature ; and fo by confpiring with the Endea- 
vour of the other, do make the greateft Flood of 
all: which happens about the third Hour. For 
in this place. we intend not fo much the vulgar 
Hours, as thofe which are reckon'd from the Ap- 
pulfe of the Sun and Moon to the Meridian of 
the Place, as well below as above the Horizon; 
and by the Hours of a Lunar Day, we underftand 
24. Parts of that Time in which the Moon, by its 
apparent diurnal Motion, is revolv'd to the Me- _ 
ridian of any Place. te ra 4 
XCVII. The Tides which depend on the . 
Force of the Sun, and on the Force of the Moon 
feverally, do not make a double Tide, buta fingle | 
one ; which is to be eftimated from the Conjun- 
ction of their Forces. | | | 
For like as any Body whatever, which. is im- 
prefs'd by a double Force, cannot go forwards in 
two Lines, but from the Conjun&ion of the For- 
ces will proceed in the Diagonal of a Parallelo- 
gram, in the fame manner as if. it had been acted 
2 Ds upon 
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upon by one fingle Force , according to the Di- 


—. re&ion of the Diagonal ; fo thofe two Motions, 


- which the two Luminaries do excite refpectively, 
-. will not appear feverally, but will. make one 
— mix'd Motion. In the Conjun&ion and Oppofi- 
— tion of the Luminaries, their Effects will be con- 
join'd; and the greateft Floods of all will be 
made, as arifing from the Sum of the Forces at 
that Time. In the Quadratures of thofe Lumi- 
naries, the Sun will lift up the Water, whilft the 
Moon depreffeth ic; and deprefs it, where the 
Moon lifts it up: and there the Flood will 
be the leaft of all, as being the Refule of 
the Difference of the. Forces only. And 
becaufe, as it appears by Experience, the 
Force.and Effe& of che Moon in the prefent 
Cafe is much greater than that of the Sun, the 
greateft Heighth of the Water will fall upon the 
third Lunar Hour. But without the Syzygies and 
Quadratures, the greateft Flood of all, which by 
the Lunar Force alone ought to fall in the third 
Lunar Hour, and by the Solar Force alone in the | 
third Solar Hour, will, by the Compofition of 
the Forces, fall upon fome intermediate Time, 


^ which will be much nearer to the third Lunar 


Hour, than to the third Solar one; and confe- 
quently, in the paffing of the Moon from the 
Syzygies to the Quadratures, at which Time the 
third Solar Hour goes before the third Lunar, the 
greateft Height of the Water will alfo precede 
the third Lunar Hour ; and this by the greateft 
Interval of all, a little after the Oc&tants of the 
Moon: And the greateft Heighth of the Water 
will follow the third Lunar Hour by'the like In- 
tervals, whilft che Moon paffeth from the Qua- 
dratures to the Syzygies; and this alfo by the 
greateft Interval, a little after the Octants i the 
| oon. 
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Moon. Thus will the thing be in the Oceatt; 
or open $ea: For in the Mouths of Rivers, thé 


greater Floods, ceteris paribus, require the longer’ 


Time, and fo come unto their Heighth a little 
more flowly. .. ' | 

XCVII. The Tide ought to be different, ac- 
cording to the different Diftances of the Lumina- 
ries from the Earth, both every Year and every 
Month ; and this in the triplicate reciprocal Pro- 
portion of thofe Diftances, or in the triplicate dis 
rect Proportion of the apparent Diarieters, 

This we have demonftrated beforé: Nor is itto 
be wondred at, that thefe Effe&s fhould be great- 
er at.lefs Diftances, and leffer at greater. Where- 
fore the Sun in Winter-Time, when it is about 
the Perigee, will make the Tides after the Sy- 
zygies to be fomething greater, becaufe. of che 
greater Sum of the Forces; and thofe after the 
Quadratures to be fomething lefs, becaufe of the 
Difference of the Forces, than they will be in 
summer- Time ; ceteris paribus. And the Moon 
every Month, when it is about the Perigee, 
will make greater Tides than rg Days be- 
fore and after, when it is in the Apogee. From 
whence , if the Perigee Situation of the Moon 
happens about the Conjun&ion, the Day-Flood 
will be increas'd, and the Night- Flood diminifh’d ; 


but if that Situation happens about the Oppofiti- . 


on, the Night-Flood will be increas'd, and che 


Day-Flood diminifhd. From whence alfo it 


comes to pafs, chat two Tides the greateft of all 
do not follow one another twoSyzygies together. 
For if the Moon be in one of the Syzygies about 
the Perigee, and raifeth the greateft Tide at 
that Time, by the Conjunction of its Force with 
that of the Sun; inthe other of the Syzygies it 
muft needs be about the Apogee, and have lefs 
Force: - ; XCIX, The 


a 


r[ 
j 
MI 
" 
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^ SCIX. Thé Tides likewife ought to be divers; 


_ Bécording to the divers Declination of the Lumi- 


v 


. faries frorh the Equator. 


For if the Luniinary weré placed in either of 


the Polés, it would draw the Water conftantly 
_ without Intention or Remiffion of che A@ion i 


n 


dnd confequeritly would niake no Reciprocation of 
the Water. Therefore the Luminaries, in depart4 


- ing from the-Equator towards either Pole, will 
- by degrees lofe their Effe&s; and therefore will 


J 


- raife leffer Tides after the Solfticial Syzygies,thari 
- after the Eduino&ial. But after the Solfticial 


- Quüadratures, tlie Tides will become greater than 
after the Equinoctial; becaufe the Effect of the 
- Moon, which is now placed above the Equator, 
- doth moft of all exceed thé Effe& of the Sun; 
- Therefore the greateft Tides fall after the Equi: 


rioctial Syzygies, and the léaft after che fame Qua- 


_ dratures of rhe Luminádries; and the greateft. 
-. Flood about the Syzygies is álways attended wich 
the leaft about the Quadratures, as Experience 
- teftifies. But by the leffer Diftance of the Sun 
- from the Earth in Wihtér Time chan in Summer; 


it comes to pafs, that che greateft Tides and the 


- leaft do oftner precede the Vernal Equinox, chari 


follow it; and do ofrner follow the Auturhnal 
Equinox, than precede it. 


C. Some Phenomena of the Tides; arid Ef: 
fe&ts of thé Luminaries, are divers, according to , 
the divers Latitude of Places in the Earth; and 


-éfpecially as co the Night and Day-Floods, which 


- follow one another immediately. 


In Fig. 2. Plate 9. lec ApEP defign the Earth, 


- éovered on every fide with deep Water. Leé 
- € be the Ceriter thereof. pP the Poles. AE 


_ Ff the Parallclof the Place. Dd the correfpon- 
Bb 


the Equator: F dariy Place wirhout the Equator; 


den€ 
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dent Parallel on the other fide of the Equator. 
H chat Place of the Earth which is dire&ly under 
the Moon's Place, which was Three Hours be-- 
fore, or che middle Point of the elevated Water. 
h the Place oppofite thereto, or the Point of the 
Water in the other Part of the Earth, where the 
Water is moft elevated. Kk, Places diftant 90 
Degrees from thence. CH, Ch the greateft Al- 

titudes of the Sea, meafured from the Center of 

the Earth ; and C K, Ck the leaft Elevations. 

And if from the Axes Hh, Kk an Ellipfis be de-. 
fcrib'd; and chen by the Revolution of this Ellip- 

fis about. the greater Axis Hh, there be defcrib'd 
a Spheroid HPKhpk; this will defcribe the Fi- 

cure of the Sea nearly: and CF, Cf; CD, Cd 
will be the Elevations of the Sea in the Places 

Ff and Dd. Moreover, if in the forefaid Revo- 

lution of the Ellipfis, any Point whatever, as IN.- 
defcribes the Circle NM, which cuts. the Pa- 
rallels Ff Dd in any Places, as R, T , and the 
Equator AE in S, CN will be the Heighth of 
the Sea in all the Places R, S, T fituate in this 
Circle. Hence, in the diurnal Revolution of 
any Place whatever, as F, the Flood will be the 
greateít there, three Hours after the Appulfe of 
the Moon to the Meridian above the Horizon ; 
afterwards the Ebb will be the greateft in Q, 
three Hours after the fetting of the Moon; then 
the Flux will be the greateft in f, three Hours af- 
ter the Appulfe of the Moon to the Meridian be- 
low the Horizon; and laftly, the Ebb will be the 
greateft in Q, three Hours after che rifing of the 
Moon ; and the latter Flood in f, will be lefs than — 
the former Flood in F. For the whole Ocean is | 
diftinguifh'd into two Hemifpherical Floods; one 
in the Hemifphere K Hk C, which looks to the — 
WNortb ; the other im the oppofite Hemifphere 
Fo | Khkc, 


lj 


. to the 
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XK hk-c, which looks to the South ; which there- 
fore we may. call the Northerz and Southers Floods. 


Thefe Floods, which are oppofice each to other, 


‘come by turns to the Meridian of each Place, 


with the Interval of ‘about 12 Lunar Hours be- 
twixt. For fince the Northern Regions do more 


‘partake of the Northern, and the Southern Regions 
‘do more partake of the Southern Flood; from 
thence there proceed Tides alternately greater 
and lefs in each Place without the Equator. Bur 
the greater Tide, when the Moon declines to- 
- wards the Vertex of the Place, will fall about 


three Gee after the Appulfe of the Moon un- 
om eridian above the Horizon; and the 
Flood, when the Moon changeth its Declination, 
and recedes from the Vertex, will be changed in- 
to a lefs: And the greareft Difference of Floods 
will, for this Reafon, fall upon the Times of the 
Solftices, efpecially if the Moon’s afcending Node 
be in the Beginning of Aries; that fo the Moon, 
when it is neareft to the Vertex, and the remoteft 


from it, may have the fame diurnal Revolution. 


And this is confirm’d from Experience; by which 
it is found, that the Morning Tides do in Win- 
ter-Time exceed the Evening; and in Summer 
the Evening. exceed the Morning Tides : At Pli- 
month, for Inftance, by the Heighth of one Foot,’ 
and at Briffol of fifteen Inches; as appears from 
the Obfervations of Mr. Colepre/s and Mr. Sturmy. 
But that thefe Differences do not feem fo great as 
might be expected in Places fo remote from the 
Equator, may be owing to fome other Caufe. 


Fhe Motions defcribd hitherto are fomething 


chane’d by that Force of the Reciprocation of. 


the “Warers, wherewith the Tide, even though 


the Actions of the Luminaries fhould ceafe, might 


. endure for fome Time. This Confervation of. 


Bb 2 the 


t 
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the Motion once impref?d, doth‘ diminifh thie 
Difference of the alternate Tides; and makes the 
Tides next after the Syzygies greater, and dimi- 
‘nifhes thofe next after the Quadratures, For 
from hence it comes to pafs, that the alternate 
Tides at Plimouth and Briffol do not differ much 
more than by the Heighth of r2 or x; Inches ; 
and that the greateft Tides of all in the fame 
Ports, are not thofe which are next after the Sy- 
7ygies, but the third Tides after thetn ; Which a- 
grees exactly with what was faid before. For all 
thefe Motions are retarded, in their paffing thro’ 
Shallows ; fo that the greateft Tides of allin - 
fome Streights, and the Mouths of fome Rivers, ~ 
are the fourth or even the fifth after the Syzygies, - 
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CL Xe )2* H E Phenomena of the Flux 
A S and Reflux of the Ocean in 
ne T € particular Places , as Streights, 
& Ports, Mouths of Rivers, {mall 
| x Seas, and which communicate 
little or not at all with the Ocean ; in thofe alfo 
which are far diftant from the Equator,do recede — 
more than a little from the general Laws of the — 
Tide before fet down, and are commonly altered. 
by thofo particular Circumftances. Ns 
As for Example; it may come to pafs, that the, 
Tide may, be propagated from the Ocean thro’ di- | 
| VErs 
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- vers Streights, and quicker through fome than 
others ; in which Cafe, the fame Tide being di- 
vided into two or more which come fucceflively, . 
may make.new Motions of divers Kinds. It may 
come to pafs alfo through the Length of the Way, 
- or the various Winding of the fame, or by means 
- of Obftacles which are in the Way, that the Tide 
may be diminifh'd and almoft ftopp'd. . (From 
whence it comes, that where there be a great 
Number of Iflands, as the: Moluccoes, the Philip- 
gines, in the Mexican- Bay, the Antillg, there is al- 
.moft no Flux, or far lefs than in the wide and 
open Ocean.) 'Again, a Tide which.is in a mean 
-. State in the Ocean may become very great in Ri- 
vers, becaufe of the Narrownefs of the Paí(ages, 
' and. the Heighth of the Shores. . In fmall Seas 
- alfo, there is none, or a, vety. fmall Tide. For 
fince the greateft Tide ought. to happen. in the 
deep Ocean only, which is open to the Ea and 
Weft.for the Space of 9o Degrees; by how. much 
lefs: the Sea is, fo much the lefs the Accele- 
ration and Retardation of the Waters, thas is, the 
Flux and Reflux, muft needs be ; Nor can it be 
great, unlefs the Sea doth communicate freely wich 
- the Ocean... For if it communicateth not, or but 


little therewith, .as itis in the Adediterranean, a lefs |. 


Tide for that Reafon is to be expected. In thofe 
Seas alfo which are remov'd far from the Equator, 
where the Tide muft be propagated in a le(s de- 
gree, efpecially if they have but little Communi- 
cation with the Ocean ; and fo will be but fmall, 
as it comes to, pafs in the Baltic and the Northern . 
Seas. Which happens alfo in the Euxine and Ca- : 
fpian Seas, not only by, reafon of their fomething. 
Northerly Situation, and their {mall Communica- 
tion with the Ocean, if they have any at all, but 
by reafon alfo of the Smalnefs of thofe Seas. In 
Dr | b 3 Seas 
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seas which lie open,” and extend themfelveé a? 
£reat way from the Ez? to the Weft, as in the: 
Pacific Sea, and the Parts of the Arlantic and Erbi-' 
opic Sea without the Tropics, the Water is wont’ 
to be elevated unto the Heighth of “6, 9, I2, Of 
rj Feet. And inthe Pacific Sea, which is deeper’ 
and wider, the Tides are faid to be greater than’ 
jn the Atlantic and Etbiopic. In the Ethiopic Seay 
the Elevation of the Water betwixt the Tropicks 
is lefs chan thac in the Temperate Zones, by rea- 

fon of the Narrownefs of the Sea betwixt Africa, 
and the Southern Part of America. In the Middle 
of the Sea the Water cannot afcend, but it muft' 
defcend at the fame time to both Shorés, the 
Eaffern and Weffern; when yet in our narrow Seas 
it ought to defcend by turns unto the Shores. 
For this Reafon the Flux and Reflux maft be ve- 
ry fmall in Iflands, which are "very remote froin’: 
the Continent. In fome Ports, as hath been vez 
ry lately obferv'd, "where thé Water paffing thro?’ . 
fhallow PJaces'is forc'd to flów in and one wiha 
great Violence, to fill and empty by ‘turns narrow 
Bays, the Tides are greater than ofual; as'at PH’ 
mouth and Chepftow- Bridge in England, che Hills of 
St. Michael and the City of Avranches in Norman= | 
dy, Cambaia and Pegu in the E^ ft - Indies? "Yi thefg 
Places the Sea coming and going ‘back Wich a. 
great Velocity; fometimes overflows: thé Shodrs, ^ 
and then leaves chem dry for many Miles... “Nor” | 
can the Force of Flowing in and Reflowing be? 
ftopp'd, until che Watér^be ‘elevated or'deprefs'd? 


t 


30, 49. fo, or fometimes 6o Feet. Anid'the thing? 
s the fame, in fome meafure, in tong,’ fliallow,-- 
and narrow Streights, as the Magéllanic and that. 

wherewith England is encompats'd. ^ But in Shores 
which have a fteep Defcent towards a deep and ’ 
ppen Sea, where the Water EIAS 
UM E MU MEE T 
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fettle freely without amy acceffional Force. of 
flowing in and returning ; the Tide, if we would 
determine. the general mean Quantity, is to be 
reckon'd to arife to the Heighth of about r2 
Feet!, je: if we meafure from the Low to the 
High-Water Mark. But of all Sea-Tides, that.is 
the moft to be admir'd, which Dr. Halley {peaks 
of from the Obfervations of Mariners, as being 
in a Port of the Kingdom of Tunquin ac Bat]bam, 
in the Northern Latitude of 20*. 50’. There the 
Water, on the Day following the Paffage of the 
‘Moon over the Equator, ftagnates; then the 
Moon declining to the North, it begins to ebb 
and flow, not twice as in other Ports, but once 
only in a Day ; and the High-Water falls at che 
ferting of the Moon, and the Low-Water at che 
_sifing of the fame; and this Tide is increas'd with 
the Declination of the Moon until the feventh of 
eighth Day ; and for the other feven Days, it de 
creafes by the fame Degrees by which ic increa- 
fed before ; and the Moon changing its Declina- 
tion, it ceafeth ; and from thence is prefently 
changed into a Reflux. For then the Reflux falls 
at the fetting of che Moon, and the Flux at the 
fifing, until this Planet doth again change its De- 
chnation. ‘There is a double Entrance into this 
Port, and' the neighbouring Streights; the one 
from the Cbisefe Ocean, betwixt che Continent 
and the Leucosian Vand ; the other from the Indian 
Sea;betwixt the Continentand the Ifle of Borneo. It 
feems probable, that two almolt equal Tides do 
comé into this Port from theldifferenc Tides of this 
Ocean ; the former of which precedes the other by 
the Space of almoft fix Hours, and falls 3 Hours 
after the Appulfe of the Moon to the Meridian of 
the Port. When the Moon in this irs Appulfe ro the 
Meridian is in the Equator,there will come at each 
fix Hours End equal Fluxes, which falling upon 

Bb 4 mutual 
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mutual Refluxes will. make the fame equal to the. 
Fluxes; and fo. will caufe that for that Day the 
Water will feem to be moved with no Tide at all, 
When the Moon declines from the Fquator, the 
Tides in the Ocean will become by ‘turns greater — 
and leffer, as we fhew!d in the laft Propofition — 
but one; and from thence two greater Fluxes, 
and two leffer ones, will be propagated into this 
Port by turns. But the two greater Fluxes’, by 
joining their Waters, will make the higheft Flux 
 inthe middle Time betwixt both; the greater Af- 
flax and the lefs will make that the Water fhould 
afcend unto a mean Heighth in the middle Time 
betwixt them ;-and betwixt the two leffer Fluxes, 
the Water will afcend unto the leaft Altitude, 
Thus, in the Space of 24 Lunar Hours, the Wa- 
ter will come not twice, as it isin other Places, . 
but once only unto its greateft Altitude, and 
once unto its leaft; and the greateft Altitude, 
when thé Moon declines to the Pole which is 
above the Horizon of the Place, will fall fix 
Hours after the Appulfe of the Moon to the Me- 
ridian of the Place; and the Moon changing its 
Declination, it will be chang'd into a Reflux, 
Therefore one Tide coming in the Space of 1z. 
Hours from the Indian Ocean, and the other in 
the Space of 6 Hours from the Cinefe Ocean 
through thofe Streights refpectively, which were 
before mentioned ; and fo falling one at the third, 
and the other at che ninth. Lunar Hour, feem.to 
make thofe anomalous Tides. But thefe and fuch 
like particular Phenomena are every where to be 
jefe co the Obfervations of the neighbouring - 
Shores and Seas. m 

Scholiun. Vf we would decline the Intricacy 
and Tedioufnefs of our Author's Calculation, and 
dvfire only to know the Quantities of the Forces 
ui ee ELE ee CL eee CL NOU ee TRE ee they 


Mathematical ‘Philofophy. 379 
they are thus: The Sum of the Sun’s Forces, as 
well in depreffing the Waters in the Places which 
are go Degrees from it, as in elevating them in 
the Places which are under it, and thofe oppofite 
thereto, if they be taken conjunétly.; or the 
whole Farce of the Sun to move the: Sea is to 
the Force of Gravity with us, as 1 isto 12,868,200. 
But fince the Centrifugal Force of the. Parts of 
the Earth arifing from its diurnal Motion, which 
" is tothe Force of Gravity as x to 289, doth make 
that the Heighth of the Water under the Equator 
fhould exceed its Heighth under the Poles, by the 
Meafure of 85820 Feet of Paris: The Solar 
Force of which we now treat, fince it is to the 
Force of Gravity as 1 to 12,868,200, and con- 
fequently to that Centrifugal Force as 289 to 
12,868,200, Or as 1 to 44,527 ; it will make, that 
. the Heighth of the Water in the Places under the. 
Sun, and oppofite therto, fhould exceed the Al- 
titude of it in the Places which are 9o Degrees 
diftant from the Sun, by the meafure only of one 
Foot of Paris, and a little above r1 Inches ; accord-, 
ing to thisAnalogy 44,527 :1::85,820 :11. and p of. 
an Inch. Now the Force of the Moon for the moving 
of the Sea,which is the principal Force, is to be des, 
duced from the Proportion which it bears to that 
of the Sun, and to bediftinguifh'd by the Effects or 
Sums of the Motions in the Syzygies, and the Diffe- 
rences inthe Quadratures; By this Computation, the. 
Force of the Moon is to the Force of the Sun, 
when Obferyations are compar'd together, as.4| 48: 
to 1 nearly, orin around Number almoft five-fold. 
- Coroll. (1.) . Since therefore, as. we have feen 
. before, the Sun’s Force ought to elevate the Wa-. 
ter unto the Heighth of almoft two Feet, the 
Moon’s Force, which is almoft five times as 
| great, ought to elevate the Water unto the 
Mme so eS RTE Ath et mre Heighth 
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Heighth of about 9 Feet; and the Lunar Force 
and thé Sun’s conjoin’d, as in the Syzygies, will . 
élevate the fame unto near rr; and when the 
Sun's Force is fubftracted from the Moon’s, as in 
the Quadratures, will elevate it about 7 Feet, 
Now this Force doth abundantly fuffice to caufe 
all the Motions of the Sea, and doth very well 
agree with the Quantity of the Motions defin’d 
above; and by anfwering fo well to the fame, 
doth plainly confirm the Truth of that Caufe of 
the Tides which we have affign’d. 
* Corol. (2.)' Since the Force of the Moon to 
move the Sea is to the Force of Gravity, ac- 
cording to what hath been demonftrated before, 
Only as r isto 2871460; it is inanifeft, thac that 
Force is far lefs than to be perceiv'd in any Expe- 
riments of Pendulums, or in any Static, or Hydro- 
ftatic Experiments whatfoever. This Force can 
havea fenfible Effe& in the Sea only. ic 
“Corel. (3.) ^ Forafmuch as the Force of the 
Moon to move the Sea, is to the Sun's Force up- 
on the fáme'a$ nears to 1 ; and thofé Forces are 
as the Denfities of the Bodies, or the Quantiries of. 
Matter contain'd in equal Space, and as the Cubes 
of the Diftances or Diameters conjun&ly; for 
 Bodiés equally denfe are asthe Cubes of the true 
Diameters directly, in’ refpe@ of the fame Dis 
ftance ; andthe moving Forces in this Cafe aré 
alfo as the Cubes of the Diftances reciprocally, 
or as the Cubes of the apparent Diameters dire&- 
ly ; and confequently it is the fame thing whether 
rhe Sun be nearer or more remote, greater or lefs, 
fo that the apparent Diameter be certain and de- 
terminate: For thefe Reafons the Denfity of the 
Moon will be to that of the Sun, asis itsEffe@, or — 
a 4148 to 1 ; and as the Cube of the apparent 
Diameter of the Moon is to the Cube of the Sun’s 
Lm | appa- 
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; apparent Diameter; 1:6. as AL48 to ri dndiás 720° 


to 672 conjunaly — 4148 x 720 to 100 x 672, or’ 
as 67 to 42 altioff; but ché Denfity of the Sun to 


- the Denfity of che Earth, is 4s’ r60 to 796." "There-' 


j 


fore che Denfity of che Moon ‘to the Denfity of 
the Earth; will be'as 2% to 17, nearly; or almott 
as ¢ to 4/'° Theréforé the Body of ‘the "Moon is 
confiderably"Denfér ; and if I may üfe'füch an’ 


_ Expreffion, more Terre (trial than the Earth ic felf, ' 


as we obferv'd befüre; by way of Anticipation. ^ 
"Coroll. (4.) From whence, fincé the true Dia- 


— meter of the Moon is to'that of the Earth, as; 


3 
n 


to 18, or as x to 3| 65 : the Mafs of the. Moon 
will ‘be to that of the Earth; asthe Cubes of thofe | 
Numbers, compounded wich the Proportion of 
Denfity, or-af1 x5 to 49 X 45 that is, as rto 49; 


- wery' near ^5" 


- Corel (4. "Ehe ‘Accelerating Gravity; or the 
Weight ‘of ‘equal- Bodies’ ern the Surface of the 
Moon, will be as the Quantity of Matter in the 
Moon, to the Quantity,of Matter in the Earth, 
with the Reciprocal Dupli¢ate Proportion’ of the 


 Diftance from the Centers compounded ; that is, 


ds 1x 13 is to 4o X 1, or near a third Part of the 
Accelerating Gravity on the Surface of the Earth, 
a$ we noted formerly by way of Anticipation. — 


.. LCH. The ‘Figure ‘of the Body of the Moon 


('abftra&ing from‘the Elevation of the Equa- 
tóreal; arid the’ Deépreffion of the Polar Parts, 
dépending' upoit the Diurnal Motion, ) ‘is fome- 
thing Oval; 'or'tHat of an Oblong Spheroid; 
the 'teateft Axis whereof produced, paffeth thro” 
the Center of the Earth} and exceeds the Leffer 
Axes Perpendicular to the fame by the Excefs of 


- about 187 Feet. If then the Body of the Moon 


were Fluid like our Sea, the.Force of che Earth to 
mor ma" clevate 


Po 
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up that Fluid in the hither and oppofite Parts). 
would be to the Force of the Moon u pon our Sea,. 
as the attracting Force of the Earth is to that of. 
the Moon ; Or as the Quantity of Matter in the, 
Farth is to that in the Moon, by reafon of the: 
equal Diftances ; if. the. Leffer Diameter of the 
Moon did not change .chat Proportion. That. 
whole Force, therefore from. the Compofition of . 
thofe Proportions, will be ina Proportion com-.- 
pounded of 40 to x, and rz to 2,65 ; or as 40 X I. 
is to 1 X 31.65 ; that is, as 40 isto 3[65. From 
From whence, fince by what was before demon- 
ftrated, our Sea is lifted up about 9 Feet by. the. 
Force of, the Moon, the Lunar Fluid ought to be. - 
lifted up about 93 Feet. by the Force of the Earth... 
And for this Caufe the Moon is of -a, Spheroidal - 
Figure ; the greater Axis whereof being produced, . 
would pafs thro’ the Center of the Earth, and ex- 
ceed the Diameters or. Perpendicular Axes by:a-. 


bout 187 Feet. 


| 3n1 mp LA" dO VT J^STIIJ OS E 

Corollaty.:.. And ftoi : thence perchance it. ís,. 
that the fame, Face of the Moon is turn’d more; 
directly to: the Earth than. otherwife.it would be, . 
For the Moon cannot Reft in another Situation ,. 
but by Librating to and fro, will always return ta. 
this Situation. Neverthelefs, the Librations,by rea- 
fon of the Smallnefs of: the.Force:in fuch a fmall 
“Excefs)of the Greater Axis above the Leffer ones, » 
will be exceeding Slow.; fo that the Face which, | 
ought ^always to look.to the Earth, may look. 
to the Other Focus of the. Lunar Orbit,. by reas, 
fon of the Equability of the Angular Motion an. 
bout it, as was explain’d before, and not prefently.. 
be dieit back. from thence and turned to the. — 
Earth. ri EMIT ah. a | ic ad: MN. 


~ CHL Co- 
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"CIIL “Comets áré higher than. the’ Moon; 
ahd are moved in the Region of the Priniary 
Planets. .. Van 


. . CIV. Comets are mov'd in Conic Sections, 

having. their Focus in the Center of the Sun; 
and by Rays drawn to the Sun, defcribe equa 
Area's in equal Times, and in general Area's pro- 
. portional to the Times. 


CV. The Bodies of Comets are Solid, Com- 
pà&, Fixed, and Durable, like the Bodies of the 
Planets; and they are commonly encompafs'd 
with huge Atmofpheres ; and do always acquire 
'Tails from their Neighbourhood to the Sun ; but 
thefe fometimes longer, and fometimes fhorter.- 


Thefe Propofitiotis contain our famous Auc 
thor’s Cometography, fo far as concerns our pre- 
fent Purpofe. 

Now they ate propourided fo clearly and fully 
by our Author himfelf, that they in no wife need 


our Explicatioti. Wherefore what follows, we 
fhall take Word for Word out of him. 


Novemb. 15. 17 ó 8, 


LECT. 
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7 25e HAT Comets are higher than ‘the 
: os Moon, and fhew themfelves ti | 


xg. Tow the Region of the Planets. ^s 


A a * As the Want of a. Diurnal Parallax 
hath raifed Comets above the Sublunary Regi- 
ons, fo their Defcent into the Planetaty Regions, 
is argued from their Annual Parallax. ^ For thofe 
Comets which go forwards according to the Order 
of the Signs, are all of them, about the Time of. 
their Difappearance, either Slower than ufual, of 
Retrograde, if the Earth be betwixt them and the 
Sun; but fwifter than Ordinary, if the Earth 
tends towards the Oppofition. And on the Con, — 
trary, they which go contrary to the Order of thé 
Signs; are fwifter than: ufual at the Time of their 
Difappearance, if the Earth be betwixt them and 
the Sun ; and flower than ordinary, or Retro- 
grade, if the Earth be placed on the Contrary fide. 
This happens efpecially from che Motion of the 
Earth in its various Situation ; and it is here, as it. - 
is in the Planets, which according as the Motion ~ 
of the Earth confpires with them, or is contrary 
to them, are fometimes Retrograde, fometimes 
feem to be mov'd more flowly, fometimes more 
fwiftly. If che Earth goes tothe fame Part with the 
Comet, and is carried about the Sun with an An- 
. gulac Motion more fwiftly, the Comet as feen 
Font the Earth, by reafon of its flower Motion, 


appears Retrograde ; but if the Earth be carried 
mere 
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more flowly, the Motion of the Comet ( that 
J of the Earth being fubftra&ted ) becomes at leaft 
flower. .Andif the Earth becarried to the con- 
trary Part, the Comet from thence. appears 
{wifter. Now from this Acceleration, or Retar- 
. dation, or Retrograde Motion, the Diftance of 
the Comet is thus Colle&ed. roli 
In Fig. 5. Plate 9. let Y QA, Y QB, Y OC 
be Three obferv'd Longitudes of the Comet about 
the Time of the Beginning of its Motion ; and 
let Y' QE be the Longitude laft obferv'd, when 
the Comet begins to difappear. Let the Right 
Line A BC be drawn, the Parts whereof A B, 
and BC, which lie betwixt the Right Lines QA, 
and QB, QB, and QC, are one to the other, 
as the Times betwixt the Three firft Obfervations. 
Let AC be produc'd to G, that AG may be to 
AB, as the Time betwixt the firft Obfervation 
‘and the laft, is to the Time betwixt the firft Ob- 
fervation and the fecond ; and let QG be join'd. 
Now if the Comet were mov'd uniformly in a 
Right Line, and the Earth either refted or went 
£orward uniformly in a Right Line, the Angle 
— € QC would be the Longitude of the Comet at 
the Time of the laft Obfervation; the Angle 
FQG therefore, which is the Difference of the 
Longitudes, arifes from the Inequality of the Mo- 
tions of the Comet and the Earth. But this 
Angle, if the Earch and the Comet be moved to 
contrary Parts, is added to the Angle A QG, and 
fo renders the apparent Motion of the Comet 
{wifter: but if the Comet goes to the fame Pare 
with the Earth, it is fubftra&ed from the fame, 
and renders the Motion of the Comet either 
Slower, or perhaps Retrograde, as was faid a- 


bove. | i 
This 
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This Angle therefore arifes chiefly from thé 
otion of the Earth, and is juftly to be rece 
koned for the Parallax of the Comet : fome In- 


creafe or Decreafe of it, to wit, which may árifé - 


from the Comet’s uneven Motion in its own Orb, 
' 5 


being hére negle&ed. But the Diftance of thé 


Comet is thus Collected from the Parallax. 

In Fig. 4. Plate9. let S tepréfent che Sun, acT 
the Orbs Magnus, à che Place of the Earth in the 
firft Obfervatioti, ¢ the Place of the Earth in the 
fecond Obfervation, T the Place thereof in the 


lat Obfervation, and T Y a Right Line drawn 


toWards the Beginning of Aries. Let the Angle 
% T V be taken equal to the Angle 6? QF: that 


is, equal to the Longitude of the Comet when — 


the Earth is in T. Let zé be join’d, and drawn 
out to g, that ag inay be to 2c, as AG isto AC, 
and g will be the Place which the Earth would 
reach utito at the Tinie of the laft Obfervation, 
its Motion being continued uniformly in thé 
Right Line 4c ; and therefore if s ¥ be drawn 
Parallel to 'T V, and the Angle Y g V be cákeri 


equal to Y Q G, this Angle Y g V will be equal. 


to the Longitude of the Comet feen fromi the 
Place g, andthe Angle T Vg will be the Paral- 
lax which arifeth from the Transferring of the 
Earth out of the Place g into the Place T : and 
confequently V will be the Place of the Cotnet 
in the Plane of the Ecliptic. Now this Place V is 
wont to be below the Orb of Fupiter. 


The fare Thing is Colle&ed from the Cürva-- 
ture of the Way of Comets. Thefe Bodies go 


forward almoft in great Circles, fo long as - 


they are mov'd more fwiftly ; but in the End of 
their Coürfe, when that Pare of the apparent 
Motion which arifech from the Parallax bears à 
greater Proportion to the whole apparent Mo 

| they 


1 
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they are wont to decline from thefe Circles; and 


as oft asthe Earth is mov'd to one Part, to be car- 


ried to the contrary. This Deflexion arifes from 


' the Parallax, becaufe that ic anfwers to the Mo- - 


tion of the Earth ; and the notable Quantity of 


| it hach by my Computation placed Comets when 


- and the inferior Planets.. 


— 


they difappear far enough below the Orb of ‘Fupi- 


- ter. From whence it follows, that in their Perigees 


and Perihelia, at which Times they are nearer, 
they: defcend oftentimes below the Orbs of Mars 


The Nearnefs of Comets is alfo confirm’d from 


the Light of their Héads. For the Splendor of a 


Celeftial Body which is illuminated. by the Sun, 
and goes off into far diftant Regions, is diminifh'd 
in the Quadruplicate Proportion of the Dittance ; 


d.e. in one Duplicate Proportion, by reafon of 


the increafe of the Diftance from the Sun; and. 
alfoin another Duplicate Proportion, by reafon of | 
the Diminution of che apparent Diameter. From 


- whence, if both the Quantity of Light, and the, 
apparent Diameter of the Comet be given, the. 


Diftance alfo will be given,.by faying that the 
Diftance is to the Diftance of a Planet in the en- 


tire Proportion of Diameter to Diameter directt- | 


- ly,and in the fubduplicate Proportion of Light to. 


Lightinverfly... Thus, the leaft Diameter of the 
Capiilitium of the Comet of the Year 1682, being 
obfervid by the Famous, Mr. Flamjteed chro! a. Te- 
lefcope-ef r6 Feet, and meafur'd by a Micro- 


meter, was 2/. o". - But the Nacleas, or: Star it felf, 


had fcarce the roth Part. of. chis. Breadth, as. be-. 


| ing only rx or.12" over. ; But in the Light and 


Clearnefs of the Head,. ic exceeded the Head of 


the Comet of 1680, and even came near to Stars 


of che firft and fecond Magnitude. | Let us fuppofe 
Saturn with his Ring to be about 4 Times brighter , 
| C c 294. oxi hang 
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than that Star ; and becaufe the Light of the Ring 
doth almoft equal the Light of the Intermediate 
Globe, and the apparent Diamerer of the Globe © 
is about 21”; and confequently the Light of the 
Ring and Globe together doth almoft equal the 
Light of a Globe, the Diameter whereof is 30” ; 
the Diftance of the Comet will be to the Di- 
ftance of Saturn, as x to V 4 inverfly, and 12” to 
30 directly ; ie. 3524 t0 30, or4 tog. Again, 
the Comet of the Year 1665, in the Month of 
April, as Hevelius writes, did in Clearnefs exceed 
almoft all che Fixed Stars ; yea, and Saturn it felf 
in regard of the Colour, which was far more 
lively. For the Comet was more lucid than that 
other which had appear'd in the End of the fore- 
going Year, and was to be compared with Stars 
of the firft Magnitude. The Breadth of the Ca- 
pillitium was about 655 but the Nucleus, as compared 
with the Planets, by means of a Telefcope, was 
plainly lefs chan Fupiter ; and fometimes was judg- 
ed to be lefs than the intermediate Body of Sa- 
turn, ometimes equal thereto. Moreover, feeing - 
the Diameter of the Capillitium of Comets doth 
feldom exceed 8’ or 12", and the Diameter of the 
Nucleus or Central Star is about a roth, or perhaps 
a 1gth Part of the Diameter of the Capillitium ; 
It is manifeft chat chefe Stars are for the moft part 
of the fame apparent Magnitude with the Planets. 
From whence, fince their Light may oftentimes 
be compard with that of Saturn, and fometimes 


doth exceed it ; It is manifeft all the Comets in... 


their Perihelia are placed either beneath Sa- . 
turn, or not far above it. They are widely mi- ' 
{taken therefore, who Remove thefe Stars into 
the Region of the Fixed Stars ; where certainly — 
they could no more be Illuminated by our Sun, | 
than the Planets which are here, are Illuminated. 


by the Fixed Stars. | We 


C xeu asm-—* -.^ 
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- We have, whilft we have been Reafoning hi- 

therto, not confidered the Obfcurarion of Comets 
by that very copious and grofs Fume, wherewith 
the Head is encompafs'd, which always fhines 
as through a Cloud. For the more obfcure 
the Body is rendred by this Fume, fo much the 
nearer it muft needs approach to the Sun, that it 
may equal the Planets in the Plenty of Light 
reflected from it. From thence it feems proba- 
ble, that Comets defcend far below the Sphere of 
Saturn, as we have prov'd from their Parallax. 
But the fame Thing is efpecially confirm'd from 
their Tails. Thefe arife either from the Reflexion 
of the Fume difpers'd through the Ether, or from 


." the Light of the Head. In the former Cafe the 
-- Diftance of the Comets is to be diminifh’d, left 


the Fume which always arifeth from the Head, 
fhould be propagated with an incredible Velocity 
and Expanfion through too large Spaces. In the 
latter all the Light, as well of the Tail as of the 
Capillitium, is to be referr'd to the Nucleus of the 
Head. Therefore if we imagine all this Light 
gathered together within the Difque of the Na- 
cleus, the Nucleus would now certainly, as often 


_ as it fends forth a very great and fhining Tail, 
. much exceed piter itfelf in Splendor. Since 


therefore it emits more Light, notwithftanding 
that it hath a much lefs Diameter, it muft be 


|" much more Illuminated by the Sun, and confe- 
_ quently much nearer to the Sun. Moreover, the 

Heads which lie hid under the Sun, and do at 
- that Time put forth very great and refplendent 
| 'Tails, like Beams of Fire, as fometimes hath 
|». been feen, ought by the fame Argument to be pla-- 


ced beneath the Sphere of Venus. For all that 


_ Light, if it be fupposd to be gathered together 
. anto the Star, would fometimes exceed Venus it - 


Coe | fe]f, 
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felf, that I may not fay many Venus’s in Splen- 
daro. | | | 
Laflly, The fame Thing is gathered from the 
Increafe of the Light.of the Head in the Recefs 
of Comets from the Earth towards the Sun, and 
Decreafe of the fame in their Recefs from the 
Sun towards the Earth. : For the latter Comet of 
1665, (as Hevdius obferv'd ) from what Time it 
begun to be feen; remitted always of its Motion, 
and confequently had pafs?d the Perigee.; but 
the Splendor of the Head daily increas'd, until che . 
. Comet, cover'd with the Solar Rays, ceafed to ap- 
"pear. The Comet of Year 1683, as the fame 
Hevelius obferv'd, in the End of the Month Fu- 
ly, when it was firft feen, mov'd very flowly, 
making about 40’ or 45’ every Day in its Orb. 
From that "Time its Motion was. continually in- 
creas'd until Septezzb. 4. at which Time it arofe to 
about 5 Degrees. In this whole Time therefore 
it approach'd to the Earth. Which is alfo collected 
from. the Diameter of the Head, meafur'd by a 
Micrometer: which Hevelius found Aug. 6. to be 
-only 6. $^, the Hair included; whereds Sept. 2. 
it was.9’..7". The Head therefore, in the Begin- 
ing of its Motion, appear’d far lefs than in the 
End ; but neverthelefs in the Beginning, in the 
eNeighbourhood of the Sun, ‘it was much brighter 
than about che End, as. Hevelius relates. There- 
fore in all this Time, by reafon of its Departure 
from the Sun, it: decreas'd as to Light, notwith- 
ftanding its Accefs towards the Earth. ^» » | 
The Comet of the Year r618, about the Mid- 
dle of December ; and that of 1680, about the End © 
of the fame Morith;: mov'd  moft fwiftly; and | 
confequently they were then in their Perigees: | 
But the greateft Splendor/of the Heads happened 
almoft'a Fortnight before; when they had juft.gor 
Pat 2s» out 
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out of the Rays ‘of the Sun; and the greateft 
Splendor of the Tails was a little before, when 
they were nearer to the Sun. The Head of the 


former Comet, according to the Obfervation of 


Cyfatus, Decemb. x. feem'd greater than a Star of 
the firft Magnitude; and Decemb. 16. ( it being 


'" now in its Perigee, ) it had fallen off a little in 
its Magnitude, but very much in its Splendor or 


Clearnefs of Light. fas. 7. Kepler being uncer- 
tain of the Head, made an End of Obférving. 


: December 12. the Head of the latter Comet was 


feen and obferv'd by Mr. Flam/teed, in the Di- 
ftance of 9 Degrees from the Sun; which a Star. 
of the 3d Magnitude fcarce could have been. 
Decemb. y $. and 17. the fame appear'd asa Star of 
the 3d Magnitude, being at the fame time rendred 
lefs confpicuous by the Brightnefs of the Clouds 
which were about the Sun-fetting. Decemb. 26. It 
ing mov'd very fwiftly, and being then almoft in 
its Perigee, it was lefs than the Star call'd Os 
Pegafi, one of the third Magnitude. 747.3. It 
appeard as a Star of the fourth Magnitude. Fan. 


.9. as one of the sth. ‘Fan. 13. by reafon of the 


Splendor of the Moon increafing, it difappear’d. 
Fan. 25. It fcarce equalld a Star of the fe- 
venth Magnitude. According to this, if we take 


equal "Times from the Perigee on this Side and 


on that, the Head, which being placed in Regi- 


‘Ons very remote, ought, by reafon of equal Diftan- 


ces from the Earth, to have fhone equally ; did on 
the Part betwixt the Perigee and the Sun, fhine: 


moft of all, on the other Parr. vanifh'd out of 


fight. Therefore from the great Difference of 
Light in thefe two Situations, the great Vicinity. 
of the Comet to the Sun, in the former Situation, 


is rightly concluded. For the Light of Comets is 


» 


d to appear the greateft of . 
C 


wont to be regular, an 
| Uo 3 all, 


390 Mathematical Philofophy. . 


all, when the Heads are moved moft fwiftly, and 
- confequently are in their Perigees : only fo far 
as it becomes greater in the Neighbourhood. of 
the Sun. TNT | 
Ceroll. (x.) Comets therefore fhine by the Re- 
flexion of the Light of the Sun. . 
Coroll. (2.) We may gather from what hath been 
faid, why Comets do fo much frequent the 
Region of the Sun. If they were feen in Regi- 
ons far beyond Saturn, they ought always to ap- 
pear in the oppofite Part to the Sun. For thofe 
which were in this Part would be nearer to the 
Earth, and the Sun by its Interpofition would ob- 
fcure the reft. But in running over the Hiftories of 
Comets,I have found that four or five Times more 
have been difcover'd in the Hemifphere that is - 
towards the Sun, than in the Oppofite, befides o- 
thers, no doubt not a few, which the Light of the 
Sun hath wholly hidden. TheThing is this; In their 
Defcent to our Regions, they neither fend forth 
Tails, nor are fo illuftrated by the Sun as to be 
feen by che naked Eye, until they have defcended . 
beneath Fupiter. Now the far greater Part of the 
Space defcribed in fo {mall an Interval about the 
Sun, is on that fide of the Earth which looks to 
the Sun ; and in that greater Part thefe Stars, as 
being then, for the moft Part, nearer to the Sun, 
are wont to be enlightned. AU 
Coroll. (3.) From hence it is manifeft that the 
Heavens are deftitute of Refiftance. - For Comets 
taking oblique Ways, and fometimes contrary to 
the Courfe of the Planets, are mov'd every Way 
moft freely, and hold their Motions fora long 
time, contrary to the Courfe of the Planets. Í 
2 miflaken, if they be nota kind of Planets; and. 
which being in perpetual Motion, return in a 


Ronnd. For whereas fome Writers will have them a 


te 


/ 
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to be Meteors,taking theirArgument from the per- 
_ petual Changes of the Heads of them, ‘This feems 
to want all Foundation. Their Heads are encom- 
pafs'd with huge Atmofpheres, and the Atmof- 
pheres ought to be more denfe beneath. From 
whence it comes to país, that it is not the Bodies 
themfelves of the Comets, but Clouds about them, 
which thofe Mutations are feen in. Thus, if the 
Earth were feen from the Planets, it would fhine 
without doubt by the Light of its Clouds, and 
the firm Body would almoft lie hid under thofe 
Clouds. Thus the Girdles of Fupiter, which are 
form'd in the Clouds of that Planet, change their 
Situation amongft themfelves; fo that the firm 
Body of Fupiter is difficultly difcern’d thro’ thofe 
Clouds. And much more ought the Bodies of 
Comets to be hid under their Atmofpheres, which 

are both more deep and more craffe. | 
Now to him that Revolves in his Mind the 
Orb of the Comet of 1680, and 168%, and 
the reft of the Phenomena it will be eafi- 
ly manifeft, that the Bodies of Comets are Solid, 
Compaé, Firm and Durable, like the Bodies of 
the Planets. For if they were nothing elfe than 
Vapours or Exhalations of the Sun, Earth and 
Planets, this Comet ought in its Tranfit through 
the Neighbourhood of the Sun to have been im- 
mediately diffipated. For the Heat of the Sun is 
as the Denfity of the Rays ; that is, reciprocally, 
as the Square of the Diftance from the Sun. And 
therefore, fince the Diftance of the Comet from 
the Sun, Decemb.8. at which Time it was in its 
Perihelion, was to the Diftance of the Earth from 
the Sun, as 6 to 1000, or thereabouts ; the Heat of 
the Sun upon the Comet at that time was to the 
Heat of the Summer-Sun with us, as 1,000,000 is 
to 56: oras 28,000is to r. Bat the Heat of boiling 
C c.4 . "Water 
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Water is about three times greater than that Heat. 


which the dry Earth conceives from the Summer- 
Sun, as I have try'd my felf; and the Heat of Reds 
hot Iron ( if I guefs right) is about three or four 
times greater than the Heat of boiling Water ; 
and confequently the Heat which the dry Earth 
in the Comet contracted from the Rays of the 
- Sun when it was in its Perihelion, might be about 
2000 times greater than that of Red.bot Irón. 


Now by fo great an Heat as this, Vapours and... 


Exhalations, and all Volatile Matter müíft have 
been prefently confum’d and diffipated. ! 


The Comet therefore, in its Perihelion, con-. 


tracted an immenfe Heat from the Sun, and would 
hold that Heat for a very long time. For a Globe 
of Red-hot Iron of one Inch Diameter; would 
{carce lofe all its Heat in one Hour’s Space, if it 


were exposd to the open Air. But a greater 


Globe would keep its Heat longer, and this in 


the proportion of its Diameter ; becaufe the — 
Surface (according to which it is cool'd by the - 


Conta& of the Ambient Air) is in that Pro- 
portion lefs, if compar'd with the quantity of 
the hot Matter included. And therefore a Globe 
of Red-hot Iron, of the Bignefs of this Earth, 7. e. 
of 40,000,000 Feet Diameter, would f{carce be 
wholly cool'd in fo many Days, or 50,000 Years. 
I fufpe& neverthelefs, that the Continuance of 
Heat, by reafon of latent Caufes, is increas’d in 
lefs Proportion than that of the Diameter ; and 
wifh that the true Proportion were fearched out 
by Experiments. . | 
~ Furthermore, it is to be noted, that the Comet 
in the Month of December, when it was fo heated 
by the Sun, fent forth a Tail far greater , 
and more refplendent than it had done before in 
November, when it had not yet. reached to its 
n bd SC 5 wg retos ow Ee 35 ^ Peri- 
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Perihelion. And in general, all the Tails which 
exceed in Magnitude and Brightnefs are then feen, 
- when the Star hath lately pafs'd through the Re- 
gion of the Sun. "The Heating therefore of the 
. Comet ¢onduceth to the Magnitude of the Tail. 
' And from thence I am apt to conclude, that the 
Tail is nothing elfe but a moft thin Vapour, which 
the Head or Nucleus of the Comet emits through 
its Heat. * PU 

"Now there is a threefold Opinion concerning 
the Tails of Comets; chat they are either the Beams 
of the Sun propagated thro’ the Tranflucid Bodies 
of thofe Stars ; or arife from the Refraction of the 
Light in the Progrefs thereof, from the Head of 

thé Comet to the Earth ; ‘or, laftly, are a Cloud 
or Vapour arifing continually from the Head of 
the Comet, and which is turn’d off to the Part 
 oppofite to the Sun. The firft is the Opinion of 
thofe who are not yet inftru&ed in the Know- 
ledge of Optics. For the Beams of the Sun, let 
into a dark Chamber, are not feen there, any fur- 
ther than the Light is reflected from the Particles 
of Duft and Fumes floating in che Air; and con- 
fequently are much more bright in the Air when 
[tuffed ‘with grofs Fumes, and ftrike the Senfe 
more forcibly ; in a thinner Air are lefs perceiv'd, 
. and in the Heavens, "where there is no reflecting - 
Matter, are not to'be perceivd at all. Light is 
not feen as it is in the Beam, but as it is from 
thence refle&ed to our Eyes« For Sight is only 
_ by Rays which fall upon the Eyes. Some refle&-- 
ing Matter therefore is requird in that Part of 
Fleaven which the Tail takes up ; Otherwife the 
whole Heaven itíelf, which is illuminated by the. 
Sun, would fhine uniformly. The Second Opi- 
nion is urged with many Difficulties: "The Tails 
are never varied with Colours,’ which yet are in- 
EM UU T PON S | feparable 
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feparable Concomitants of Refractions. The Light 
of the Fixed Stars and Planets, which is diftin&ly 
tranfmitted to us, fhews that the Celeftial Medium 
is without any refractive Force. For as for what is 
faid, that the Fixed Stars have fometimes been feen 
» with bright Streams by the Egyptians; this,becaufe it 
is a thing which happens very feldom, is to be a- 
fcribed to the accidental Refraction of the Clouds. 
The Radiation alfo, and twinkling of the Fixed 
Stars, is to be referr'd to Refra@ions both in the 
Eyes and the tremulous Air ; becaufe, when they 
are feen through a Telefcope, it vanifheth away. 

_ By the Tremor of the Air, and afcending Va- 
pours it comes to pafs, that the Rays are eafily 
 turn'd off by Turns from, the narrow Space of the 
Pupil of the Eye; but from the wider Aperture 
of the Obje& Glafs never. From hence it is, 
that in the former Cafe a twinkling is produc'd, 
but in the latter none at all ; and the Abfence of 
it in the latter Cafe demonftrates the regular 
Tranfmiffion of Light through the Heavens, with- 
out any fenfible Refra&ion. And if any one 
fhould fay in this Place, that Tails are not wont to 
be feen in the Fixed Stars, only becaufe their Light 
as weak and feeble; fo that their Secondary Rays 
have not Force enough to move the Eyes, that 
Tails fhould appear about them; He may take 
notice, that the Light of Fixed Stars may be in-- 
creasd by Telefcopes above an Hundred Times, 
and yet no Tails are feen. The Light of Planets 
alfo is greater than that of Comets, but yet they 
have no Tails; yea, and Comets have the longeft 
Tails, when the Light of their Heads is weak 
and very obtufe. For the Comet of 1680, in the 
Month of December, at what time its Head did 
{carce equal a Star of the Second Magnitude, fent 


' forth a Tail of notable Splendor unto 40, 50, 60 
| Degrees 
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Degrees of Length, and more. Afterwards, 7a». 
27, and 28, the Head appear'd as a Scar of the 
Seventh Magnitude only ; but the Tail, which was 
of a dim Light indeed, but fenfible enough, was 
feven or eight Degrees long, and with a very ob- 
{cure Light, which could {carce be perceivd, it 
was ftretch’d forth 12 Degrees, and more, as was 
{aid above. And Febr.9, and 10, when the Head 
could no longer be feen with the naked Eye, I 
faw a Tail two Degrees long tarough a Telefcope. 
Furthermore, if the Tail proceeded from the Re- 
fraction of Celeftial Matter, and turn’d afide from 
the Oppofition to the Sun, according to che Figure 
of the Heavens ; that Defle&ion ought in the fame 
Regions of Heaven always to be to one Part. But 
the Comet of 1680, Decemb. the 28th. at 85 a 
Clock in the Evening at London, was in X 8 deg. 
Ar, with a Northern Latitude 28 deg. 6' ; the Sun 
being in V$ 18 deg. 26’.. And the Comet of the 
Year 1457, Decemb. 29, wasin X 8 deg. 41’. with 
Northern Latitude 28 deg. 40’; the Sun alfo be- 
' ing in V$ about 18°.26. In both Cafes, the Earth 
was in the fame Place, and the Comet appear'd 
in the fame Part of Heaven ; yet notwithftanding 
in the former Caíe (by mine own and others 
Obfervations) the Tail of the Comet declin d with 
an Angle of 4; Degrees from Oppofition to the 
Sun towards the. North; whereas in the latter (ac- 
cording to 7jcbes Obfervation ) the Declination 
was 21 Degrees towards the South, The Refraéi- 
on therefore of the Heavens being taken away, 
it remains that the Phenomena of the Tails are 
deriv'd from fome reflecting Matter. 

Now that the Tails do proceed from the Heads, 
and do afcend towards the Region oppofite to 
the Sun, is confirm'd from the Laws which they 
obferve. As that lying in the Plains of the Orbs 
Kern eam Pere VO | dii: 
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of the Comets paffing through the Sun, they de- 
cline from Oppofition to the Sun, always unto 
that Part which the Heads going forward in thofe 
Orbs do leave behind them. That they appear 
to the Spectator when placed in thefe Plains, 
turn'd away directly from the Sun ; but the Spe- 
étator going afide from thefe Plains, the Devia- 
. tion is perceiv'd by degrees, and grows every Day 
greater. That the Deviation, caters paribus, is lefs 
* when the Tail is more oblique to the Orb of the 
Comet, as alfo when the Head of the Comet ap- 
proacheth nearer to the Sun; efpecially if the 
Angle of Deviation be taken at the Head of the 
Comet. Befides, that the Tails which deviate 
not, are ftraight ; but thofe which do, are bowed. 
That the Curvature is greater, where the Devia- 
tion is greater, and more fenfible when the Tail, 
ceteris paribus, is longer; for in fhort Ones the Cur- 
vature is hardly perceiv'd. 'Fhat the Angle of 
Deviation is lefs at the Head of the Comet, greater _ 
at the other End of the Tail; and confequently, 
that the Tail on its Convex-fide looks to that Part 
from which the Declination is, and which is in a 
Right Line drawn from the Sun through the Head 
of the Comet in infinitum. And that the Tails 
which are longer and broader, and fhine with a 
more lively Light, are upon their Convex fides 
fomething more fplendid, and bounded on the 
Concave-fide with a Limit not very diftind. 
The Phenomena therefore of the Tail de- 
pend upon the Motion of the Head, and not up- 
on that Region of Heaven in which the Head is 
. feen ; and therefore are not made by a Refraction 
of the Heavens, but arife from the Head, which 
affords Reflecting Matter. For asin our Air the 
Smoke of a Body fet on Fire afcends upwards, 
and that either Perpendicularly if the Body ST | 
etn 5 
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'eth ; or Obliquely, if it be mov'd to one Side : So 
in the Heavens, where Bodies gravitate to the Sun, 
the Fumes and Vapours ought to afcend from the 
Sun (as hath been already faid) and this in a 


. Right Line if the Body refts, but Obliquely, if 


the Body be mov'd, and in going forwards al- 
ways forfakes the Places from which the upper - 
-Parts of the Vapour had afcended. And that Ob- 
liquity will be lefs, where the Afcent of the Va- 
pour is more quick; as in the Neighbourhood 
of the Sun, and near to the Surface of the 
. fmoking Body. Now from the Diverfity of the 

‘Obliquity, the Column of the Vapour will be | 
bowed. And becaufe the Vapour on that fide of 
the Column which goes before is fomething more 
frefh, for this Reafon it will be fomething more 
Denfe in the fame Place, and will therefore re- 
fle& Light more copioufly, and be bounded with 
more diftin& Limit. As to the fudden and üncer- 
tain Agitations of their Tails, and of the irregu- 
lar Figures of the fame, which fome defcribe, 1 
add nothing here ; becaufe they either arife from 
the Mutations that are in our Air, and the Mo-. 
tions of the Clouds which do in fome part obfcure 
the Tail; or perchance from Parts of the Va 
Laéctea,which may feem united with the Tails that 
pafs by them, and taken to be Parts of them. 

Now that Vapours which fuffice to fill fuch 
vaft Spaces may arife from thesAtmofpheres of, 
Comets, will be underftood from the Rarity of. 
our Air. For the Air, near to the Surface of the 
Air, poffeffes 850 Times more Space than a Quan- 
tity of Water of the fame Weight ; and therefore 
a Cylindrical Column of Air 850 Feet high, is of. 
. the fame Weight with a Column of. Water of the 
{amie Breadth, which is only one Foot high. | Buc 
| | a Column 


398 Mathematical Philofopby. 

a Column of Air arifing to the Top of the At- 

mofphere, doth equal in its Weight a Column of 
Water, which is about 33 Foot high ; and there- 

fore if the inferior Part of the whole aity Column 

biz taken away, which is of the Heighth of 850 

Peer, the upper remaining Part will be equal in 

ifs Weight to a Column of Water of 32 Feet 

high. But from thence (according to the Hy- 

pothefis which hath been confirm'd by many Ex- 

 periments, namely, that the Compreffion of the 
A ir is as the Weight of the Atmofphere which lies 

upon it, and that Gravity is reciprocally, as the 

Scjuare of the Diftance from the Center of the 

Earth) by making Computation according to 
C oroll. Prop. XXII. Book II, I found that Air, 

at the Heighth of a Semi-diameter of the Earth, 

Ínom the Surface of the fame, is rarer than it is 
W ith us in a Proportion far greater than is that of 
a! | the Space beneath the Orb of Saturn to a Globe 
of one Inch Diameter. And therefore a Globe 
oj our Air of one Inch Diameter in that Rarity, 

w hich it would have in the Heighth of a Semi- 
di ameter of the Earth, would fill all the Regions 

of the Planets unto the Sphere of Saturn, and much 

fa ther. Therefore fince Air, which is yet higher, 

8r ows more rare infinitely ; and the Armofphere’ 
of a Comet, in afcending from its Center, is a- 
bcout ten times higher than the Surface of the Na- 
clus, and when the Tail doth afcend yet higher, 
thoe Tail ought to be rare in the higheft degree. 
Ai ad altho’ by reafon of the more grofs Atmof- 
pL iere of. Comets, and the great Gravitation of 


Bcodies towards the Sun; and the Gravitation of. | 


thoe Particles of the Air and Vapours towards one 
an other ; it may come to pafs, that the Air doth 


ncot grow Rare in fo great a Degree in the Hea- 
; 2 | venly 
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. venly Spaces and) in the Tails of Comets ; yet 
is ic manifeft from this Computation, that a very 
-. fmall Quantity of Air and Vapours fufficeth abun- 
dantly to all thofe Phenomena of the Tails. 
For the great Rarity of the Tails is alfo colle&- 
. ed from the Stars which are vifible through them. 
The Atmofphere of the Earth fhining with the 
Light of the Sun, doth by its Craffitude, which is 
but for a few Miles, [frequently | both obícure;and. 
even hide all the Stars and the Moon it felf ; but 
the leaft Stars are obferv'd to be vifible without any 
detriment of their Clearnefs through the Tails of 
Comets, which are of an exceeding great Depth, 
and are at the fame time illuminated with the Light | 
of the Sun. Nor is the Splendor of many of their 
Tails wont to be greater, than isthat of our Air, 
when in a dark Chamber it reflects the Light of 
the Sun in the Form of a Beam, for the Breadth 
of an Inch or two. | 

^. [n what Time the Vapour afcends from the 
- Head to the End of the Tail, may almoft be 
J known by drawing a Right Line from the End of 
the Tail co the Sun, and noting the Place where 
- that Line cuts the Trajectory. For a Vapour in 
the End of the Tail, if ic afcends ftraight from ; 
the Sun, begun to afcend from che Head, at what 
'Time the Head was in the Place of Interfection. 
And tho! it doth not afcend ftraight from the Sun, 
yet by retaining that Motion which the Comet had 
before its Afcenfion, and Compounding the fame 
with the Motion of its Afcenfion, it afcends Ob- 
liquely. From whence the truer Solution of the 
Problem will be, that che Righe Line which cuts 
the Orb, be Parallel to the Length of the Tail ; or 
rather ( by reafon of the Curvi-linear Motion of 
the Comet) that the fame defle& a little from the 
Line of the Tail. 

by 
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By this means I fourid, that the Vapour which. 


was in the End of the Tail, a».2$. began to a- 
Ícend from the Head, Decemb. the 11th, and con- 


fequently had'fpent above 45 Days in its Afcen-. 


fion. But all that Tail which appear'd Dec. 1o. 
had afcended in the Space of thofe two Days, 
which had pafs'd from the Time of the Perihelion. 

Therefore the Vapour afcended moft fwifly in: 
. the Neighbourhood of the Sun, and afterwards 
went orrafcending with a: Motion: ftill retarded 


by its own Gravity; and by its afcending increas'd . 


the Length of the Tail; but the Tail, fo long as. 
it appear'd, confifted. almoft all of ‘the Vapour 
which had afcended from’ the Time of the Peri- 


helion ; and the Vapour’ which afcended firft ,. | 


and compofed the End of the Tail} vanifhed: not 
out of fight before that it ceafed to appear, by rea- 
fon of its. great Diftance both from the Sun which. 
illuftrated it, and from our Eyes. From whence . 
alfo the Tails of. other: Comets. which- are-fhort, 
do not afcend with a fwift and perpetual Motion: 


from. the Heads, and fo prefently vanifli away, 


but are permanent Columns of Vapours, propaga- 
ted from the. Heads with a very flow Motión:of. 
many Days ; which by partaking of that Motion 
of the Heads which they had at the Beginning, 


o on to be mov'd through the Heavens, together 
g g | » tog 


with the Heads. And from hence it is again col- 
le&ted, that the Heavenly Spaces are deftitnte of 
all Force of Refifting ; fince not only the Solid. 


Bodies of Planets and Comets, but alfo the ex- 


ceeding thin and rare Vapours of the Tails. of — 


Comets do perform their Motions in them moft: 
freely and fwifdy ; and hold» the fame. for. a: 
very long Time. : adt to | i3d151 
VS Kepler 
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— Kepler afcribes the Afcent of the Tails from the 


Armofpheres of the Head, and their Progrefs to 
the Part oppofite to the Sun, to the Aion of the 
Rays of Light, which carries away with them that 
Matter of which the Tail confifts. And it is not 
altogether unreafonable to think, that a very thin 
Air may give way to the Rays of Light in free 
Spaces; notwithftanding that grofs Subftances 
cannot in our Regions be fenfibly impell’d or 
mov'd by the Solar Rays. Another is of Opini- 
on, that there may be as well Light as heavy Par- 
ticles of Matter ; and that the Matter of the Tails 
are light, and by their Lightnefs afcend from the 
Sun. But fince the Gravity in Terreftrial Bodies 
is as the Matter in thofe Bodies, and confequently 
cannot be increas'd or diminifh’d,the fame Quan- 
tity of Matter remaining ; I am prone to think, 
that chat Afcent doth rather arife from the Rare- 
faction of the Matter of the Tails. The Smoke 
in a Chimney afcends by the Impulfe of the Air 
in which ic floats. "That Air being rarified by the 
Heat, afcends by reafon of the Diminutión of its 
Specific Gravity, and carries away the Smoke en- 
tangled in it, together with it. What fhould chen 
hinder, but that the Tail of a Comet fhould afcend 
in the fame manner from the Sun ? For the Rays 
of the Sun do not agitate che Mediums through 
which they pafs, but in their Refle&ion and Re- 
fraction. ~The Reflecting Particles being heated 
by that Action, will heat the Ethereal Air which 
is about them. ! 


This, by the Heat communicated to it, will 
grow rare; and by reafon of the Diminution of its 
Specific Gravity, by that Rareneís will afcend, and 

Dea carry 


402 Mathematical Philofophy. 
carry away the Reflecting Particles, of which the 
Tail confifts. It conduces alfo to the Afcent of 
the Vapours, that they are turn’d about the Sun, 
and by that Aion endeavour to Recede from the 
Sun ; whilft the Atmofphere of the San, and the 
Matter of the Heavens, do either wholly reft, or 
are türn'd round lowly, only with a Motion, 
which they have receiv'd from the Rotation of 
the Sun. Thefe are the Caufes of the Afcent of 
. the Tailsin the Neighbourhood of the Sun where 
the Orbs are more Curve, and the Comets are 
within the more Denfe, and by that means the 
móre heavy Atmofphere of the. Sun. For the 
Tails which arife then, will, by keeping their Mo- 
tion, and Gravitating in the mean while towards 
the Sun, be mov'd about the Sun in Ellipfes after 
the manner of the Heads, and by that Motion . 
always accompany the Heads, and ftick to them; . 
For the Gravity of Vapours towards the Sun, will 
no more caufe that che Tails fhould fall from the 
. Heads afterwards towards the Sun, than the Gra- 
vity of the Heads can make, that they fhould fall 
from the Tails. Therefore by their common Gra- 
vity they will either fall together towards the Sun, 
or be retarded together in ‘their Afcent ; and con- 
fequently thar Gravity hinders nor, bat that the 
Tails and Heads fhould moft eafily receive, and 
afterwards moft freely keep any Pofition to one 
another, whatfoever it is, which they may receive 
from the Caufzs which have been mention 'd, or 
any other whatever. 


The Tails therefore which inta in the Perihe- 
lia ‘of Comets, will go away with their Heads 
into far diflant Regions ; and after a long Series 
of Years, return with the fame to us ; or rather 

being 
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being chere tarified, will by little and little vanith 
away. For afterwards, in thé Defcent of the 
Heads to thé Sun, new little fhort Tails sucht to 
bé propagated from their Heads by à flow Mo- 
tion, and afterwards to be Immenfely increas’d 
-in the Perihelia of thofe Comets which de- 
fcehd into the’ Atinofphere of the Sun. ^ For the 
Vapour’ in thofe moft free Spaces is perpetually 
rarified and dilated: By which means it comes to 
país; that the Tail is broadér at the upper End, 
than néac the Head of che Comet. Now it feems 
reafonable to think, that the Vapour being by 
that Rarefaction perpetually dilated, is difperfed 
at lehigth through the whole Heaven, and is by 
little and little drawn unto the Planets, and mingz 
led with their Atmofpheres. For like as the Seas 
 &re'altogether requir’d unto the Conftitution of 
this our Earth ; and this, that Vapours may be 
tais'd fufficiently out of them by the Heat of the’ 
Sun; which being gather'd together into Clouds, 
may fall down in Rains, and water and nourifh all 
the Earth, for the Procreation of Vegetables; or be- 
ing Condens'd in the eold Tops of Mountains, (a3 
fome do reafonábly enough fuppofe) runs dowti 
nitto che Heads of Springs and Rivers: So to the 
Prefervation of Séas and Rivers in Planets, Comets 
fe&m neceffary ; from the Condens'd Vapours and | 
Exhalations whereof, what Liquor is fpent by 
Vegetation and Corruption, snd turn'd into dry 
Earth, is continually fupplied and renew'd. For 
all Vegetables grow from Liquors or Juices: and - 
then in great Part they país. by Putrefaction 
intodry Earth, and Mad arifeth perpetually from 
the’ putrefied Liquors. Hence the Bulk of dry 
Earth is continually increas'd ; and what is Humid, 
unlefs it be increas'd from élfewhere, ought per- 
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petually to decreafe, and at length to fail. . Yea, 
I füfpe& that that Spirit which is the leaft indeed, 
but the moft fubtile and the beft Portion of our 
Air, and which is requir’d to the Life of all 
things, doth come from Comets efpecially. 


. The Atmofpheres of Comets are in their De- 
fcent to the Sun diminifh'd by running out into 
‘Tails, and ( on that Part certainly which looks 
to the Sun) become more narrow: And on the 
other hand in their Recefs from the Sun, at which 
cime they run lefs out into Tails, they are enlarg'd ; 
if fo be Heveliss hath rightly noted che Phzno- 
menons thereof. But they appear the leaft, when 
- their Heads having been juft now heated at the 
Sun, iffue forth in great and refulgent Tails ; and 
their Nucleus's are perhaps furrounded with a more 
craíffe and black Fume in the loweft Parts. of their 
Atmofphere. For all Smoke which is ftirred up 
by a very great Heat, is wont to be fo much the 
more craffe and black. . 'Thus the Head of the 
Comet of which we have been treating, did at 
equal Dittances from the Sun and the Earth, ap- — 
pear more obfcure after the Perihelion than. be- 
fore. For inthe Month of December, it was com- 
pard with Stars of the third Magnitude ; where- 
as in November it equall’d Stars of the firft and, 
fecond. And they who had feen both, defcribe 
the former Comet as the greater. For. November 
— the roth, this Comet, how obtufe foever the Light 
was wherewith it fhined, did then equal Spica Vir- 
gins, as it appear'd to.a Young-man of Cambridge, 
and fhind more clearly than it did afterwards. | 
And Mr. Storer, in. Letters which fell into my, — 
"Hands, wrote, that the Head of it in December, at 
which time it fent forth the greateft and moft.re- 
y! af fulgent — 
i. | 
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fulgent Tail of all, was fmall, and in its vifible 
Magnitude, did fall far fhort of what it appear'd 
before che Rifing of the Sun in November. The 
Reafon whereof he gueffed to be this, That the 
Matter of the Comet at the beginning was more 
copious, and was wafted by degrees. | 


Ne may here alfo fitly Note, that the Heads of 
other Comets, which have fent forth moft great 
and refulgent Tails, are defcrib'd as being fome-- 
what dim and fmall. For in the Year 1668, March 5. 

New-Style, at 9 a-Clock in the Evening, the Re- 

verend Father Valentine Eftance, being then in Bra- 
file, faw a Comet near to the Horizon at the 

South-Weft, of a very little Head, and {carce to 

be feen, but with a Tail exceedingly Refulgent ; 
fo that thofe who ftood on tlie Shore might eafily 

fee the Image of it refle&ed from the Sea. It 

had the Appearance of a fhining Beam, of 
the Length of 23 Degrees, inclining from the 
Weft to the South, and almoft Parallel to the Ho- 

rizon. ‘But this great Splendor endur'd only for 

two Days, and from that time notably decreasd ; 
and in the mean while that the Splendor decreas‘d, 

the Tail did increafe in Magnitude. From whence - 
alfo it is faid to have poffefs'd in Portugal almoft a 
ath Part of Heaven, ( or 45 Degrees ) ftretching 
from thé Wef to che Ea/f, with a very great Splen- 
dor; nor did it all appear notwithftanding, the ' 
Head ftill in thefe Regions lying hid below the 
Horizon. From the Increafe of the Tail, and De- 
creafe of the Splendor it is manifeft, that the 
Head was receding from the Sun; and was next to 
it about the beginning, as it was in the Comet of 
1680. And we read of a like Comet in the Years 
y1or, Or 11065 “ The Star whereof was {mall .: 
QE “Ey Dd 3 “ and 
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“and obfcure (as was that of..1680, )-but. the 
* Splendor which went forth from thence. was 
** very clear, and asic were a great Beam, reach- 
** ing to the Eaf and North, as Hevelius hath ity 
out of Simeon, the Monk of Durham. Ve 4ppear'd 
in che Beginnin: 


^ 


AA 
ALN 


& of February about Evening, at, 
* the South-VVef.” Buc from thence, and the 
Situation of the.Tail,. it is. gathered, chat the 
Head was near to.the Sun. ** It was diftant, faith. 
© Matthew of Paris, about one Cubit. from the. 
* Sun, from the third, ( more truly. the, fixth: 
“ Hour) until the. ninth, fending forth a long 
** Ray from it fel." Such. alfo. was that fiery. 
Comet defcrib’d .by  Ariftotle , . , Book. L,,..Mes, 
teor-6.  " "The Head whereof HAS SONATE BAG, 
“* firft Day, becaufe that. it had. Set. before. t ie 
.** Sun, or at leaft under the Rays, of the.Sun 5. 


*- but the following Day it.was een. as far. as its. 
** Situation allow'd; For jit.had left the Sun i 
^. with a Diftance as {mall as might be; and then. 
“* Set By reafon of the very great Ardor [of the- 
** Tail] the difpers'd Fire of .the Head did not. 
.. yet appear; but afterwards, when the Tail did, 
* burn lefs, the Head was reftor'd to,its former, Ape. 
* pearance... And it extended its Splendor: unto: 
“a third Part of Heav’n, (4e. unto.6o Degrees.) 
* Now its Appearance was in Winter: dime,. and , 
. ** Afcending. unto the Girdle of, Orion; it there; 
** Vanifhd. ^ . Ds si Rib aom s 40h 
That Comet of the Year 1618,/ which. came ; 
with a very long Tail out of the Rays of che Suny: 
feem'd to equal, if not exceed.a Star of. the fart... 
Magnitude ; but there have not a few greater Cos : 
mets appear'd, which have had fhorterTaile..Some.: 
of them are related to have been equal to Fupiter, 
Others to emus, or evento the Moon. püd 
Verg Wes a Be ge eru ES Su 4 vie LUE a Rin 21 3 
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I faid before, that Comets are a kind of Pla- 
nets, Revolving in very eccentric Orbits about 
the Sun. And like as amongft the Planets, 
which have no Tails, thofe are wont to be lefs 
which are revolv'd in leffer Orbits, and nearer to 
the Sun ; fo likewife is it reafonable to think, that 
the ‘Comets, which in their Perihelia approach 
nearer to the Sun, are for the moft Part leffer, and 
are Revolv'd in leffer Orbits. But as for che Tranf- 
verfe Diameters of their Orbirs, and their Perio- 
dical Times, we leave thefe Things to be deter- 
mind from the,Comparifon of Comets, returning 
in the fame Orbits after long Inrervals of Time.» 


12 
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EX S -Aving finifh'd the Explication of Sir 
a H Ifaac Newton's Philofophy, we will 
e now endeavour to Explain Dr. Halley’s 

"SS Cometography, which is built upon 
: ~~ that Philofophy. And tho’ this Work 
of Dr. Halley’s be an excellent Piece, yet is it 
fomething too fucciné& and obfcure, as being on- 
ly preparatory to a greater Work intended ; and 
indeed is no-where elfe reprefented plain enough 
for Beginners : My Purpofe therefore is to give 
you the whole in che Author's own Words ; but 


fo, that I intend to improve ic all along, and il- 


luftrate it with a Commentary. The Hiftorica] 


Preface, which is prefix'd to the fame, needs no. 


Explication: However, Y fhall not think much 
to tranfcribe it, that no Part of this excellent 
Work may be wanting in this Place. 


A R3- 


q 
J 


: 


Dy ee an Cr gut 
Syosset ask Soa 
 Profeffor of Geometry at Oxford. 


O7-2-S9 HE Ancient Egyptians and Chaldeans Gif — 

$YS we may Se Piette Siculus) by a 

se T ie dong Courfe-of. Obfervations , were 
EA 9 T d {aid to be able to predi& the Appari- 
mee tioris of Comets. But fince they,are 
alfo faid, by the help of the fame Arts,;to: have 
prognofticated ‘Earthquakes and Tempetts ;. "tis 
paft all doubt; that their Knowledge in thefe Mat- 
ters; was the Refült rather of meer Aftrological 
Calculation, than of any Aftronomical Theories 
of thé Celeflia] Motions.’. And the. Greeks, who 
were.the Conquerors of both thofe People, fcarce 
found any other Sart of Learning amongft BEny 
i - than 
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than this. So that ’tis to the Greeks chemfelkes as 
the Inventors (and efpecially the great Hipparchus) 
that we owe the Aftronomy we have; and 
which is now improv'd to fuch a heighth. Bat _ 
yet, amongít the Greeks, the Opinion of Ari- | 
feotle (who woud have Comets to be nothin 
elfe, but Sublunary Vapours, or Airy Meteors 
prevail'd fo far, that this moft difficult part of 
the Aftronomical Science. lay -altogether neg- 
léGed ; forno Body thought it worth while to 
take notice of, or write about, the wandring un- 
certain Motions of what o efteemed Vapours 
floating in the ZEther; whence it came to país, 
that nothing certain, concerning the Motion of 
Comets, can. be found tranfmitted from ‘them 
to us. 

But-Sezeca..the.Philofopher, having confider'd 
the Phznomena of two remarkable Comets of 
his Time, . made .nb feruple to place;thém a= 
mongft-the, Celeftial Bodies ; believing them to 
be Stars of equal Duration with the World, ‘tho’ 
he owns their Motions to be govern’d by Laws 


Ha tn tit 


not as then known or found out. And at att 


ignorant ‘of them 
fet of Nature chad! 


was enabled to m3intaih'his'Opinion ; nor the 
Times of thofe Appearances; which nigh 
T : 


of ufe. to Poftericy, in order.to the determining 
 thefe things. .. And. indeed, .upom the turning 
over very many Hiftories.of Comets, I. find) no- 
thing atall that can. be of fervice in this affair; 
is ea A. D. 1337. at which. time JNicephorus 
Gregoras, a, Conflantinopolitan Hiftorian and Aftro- 
nomer,: did. pretty accurately. defcribe the Path 
of.a Comet amongft the. Fix'd Stars, but was 
too lax as. to the Account of the’ Time ; fo. that 
this moft doubtful and uncertain Comet, only 
deferves te be inferted in. our. Catalogue, for the 
fake of its appearing neas. Four- hundred. Years — 


ago. . HOO 4 Mw 9G yy H3. : NOT ek verit 
-. The next of our Comets wasin the Year 14725 
which. being the, fwifteft of all, and.nearett to 
the Earth, was obferv'd by. Regiemontanus, . "This 
Comet (fo fearful upon the account both of the 
Magnirude .of its; Body, and the Tail) mov'd 
forty Degrees. of. a. great Circle in the He:vens, 
in the. Space of one Day ;- and was. the firft, of 
which any proper Obfervations. are: come: down 
to us. But all. thofe that confider’d Comets, un- 
til the Time of Tycho Brabe.. ( chat great Reftorer. 
of Aftronomy) believd, them. to. be. below the 
Mere and. fo took butlictlg Notice of them, rec-. 
koning them no other than.Vapours,:) po), 
_ Bat:in the, Yean 1577,/€2)cbo ferioufly purfu- 
. ing; che. Study. of the Stars, .and having gotten. 
large. Inftruments, for the. performing .Celeftial 
Menturations, with far greater Care and Cer- 
tainty than; the Ancients.coud ever hope for ) 
there appear'd a.very remarkable, Comet; to the 
Obfervation. of which | Tycho vigoroufly applied. 
himfelf ;.. and :found by. many juft and. faithful 
Trials, that it -had no. Diurnal Parallax chat was. 
perceptible :.: And. coníequently, was. not only 
no Aerial Vapour, but alfo much higher than . 
ERN Somos dn "the 
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the Moon ;’ nay, might be plac'd amoneft the 


Orbs of the Planets, for any thing that appear'd 
to the contrary ; the cavilling Oppofition made 
by fome of the School-men in the mean time; 
being to no purpofe. «^ ^ . ^. 

‘Tycho was fucceeded by the:moft Sagacious Ke- 
phr. He having the Advantage of 7ycbo's Labours 


and Obfervations, found’ out the true Phyfical 


Syftem of the World, and vaftly improv'd the 
Science of Aftronomy. 'GD. Totty v 

For he demonftrated that alf the Planets per- 
form their Revolutions- in Elliptic Orbits, ovbofe 
Plains paff thro’ the Center of the Sun, obferving’ 
this Law, that the Area's of tbe: Elliptic: Sectors, 
taken at the Center of the Sun ( which he proved to 


be in the common Focus! of thefe Ellipfes) are always’ 


proportional to ‘the’ Times in owhich the’ correfpondent 


Elliptical Arcs are deferib'd.’ He difcover'd alfo. 
that the Diftances of the Planets from the Sun are in 
the Sefquialtera ratio of ‘the Periodical Times, or - 


(which is all one) that tbe Cubes of the Diftances 


are as the Squares of tbe Times. This great Aftro-' 
nomer had the opportumty of obferving two’ 


Comets, one of which was a very remarkable 


one. And from the Obfervations of thefe (which 
afforded fufficient Indications of an Annual Pa- : 
rallax) he concluded, That the Comets mov'd freely 

thro’ the Planetary Orbs, with a Motion nat i . 
ferent from a Reéilinear one; but of awhat kind be - 
coud not’ precifely determine. Next , Hevelius (a 
noble Emulator of Tycho ‘Brabe ) following in^ 
Repler’s Stéps, embraced the fame Hypothefis: of ' 
the Redtilinear Motion of the Comets, hime” 
felf accurately obferving many of them. Yet. 
. he complain'd that his Calculations did not per- 
fe&ly agree to what he obferved in the Hea-. 
vens; And was aware, that the Path ofa Come ' 


Was 
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- gums bent into a Curve Line concave towards tbe Sun; 
At length came that prodigious Comet of the 
Year 1680: which defcending (as it were from 
an infinite Diftance ) perpendicularly towards 
the Sun, arofe from him again with as great a 
Velocity. m ep bn es 

This Comet, (which was feen for four Months 
continually) by the very remarkable. and peculiar 
Curvity of its Orb (above all others ) gave the 
fitte(t Occafion for inveftigating the Theory of its 
Motion. And the Royal Obfervatories at. Pars 
and Greenwich having been for fome time found- 
ed, and committed to the Care of moft: excel-- 
lent Aftronomers, the apparent Motion of this 
Comet was moft accurately (perhaps as far as hu- 
mane Skill cou'd go) obferv'd by Mrs. Cafini and 
Flamfteed. 

Not long after, that great Geometrician the 
Uluftrious Newton, writing his Mathematical Prin- 
ciples of Natural Pbilofopby, demonftrated not only 
that what Kepler had found, did neceffarily ob- 
tain in the Planetary Syftem ; but alfo, that all 
the Phenomena of Comets. wou'd naturally fol- 
low from the fame Principles ; which he abun- 
- dantly illuftrated by the Example of the afore- 
{aid Comet of the Year 1680; fhewing at the 
fame time, a method of delineating the Orbits 
of Comets Geometrically ; therein folving ( not 
without meriting the higheft Admiration of all 
Men) a Problem, whofe Intricacy render it 
{carce Acceffible to any but himfelf. This 
Comet he prov'd to move round the Sun in a 
Parabolical Orb, and to defcribe Area's ( taken 
m the Center of the Sun) proportional to the 

imes, | 
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- Whieréfore  ( following the Stéps of fo: Great a 
Man) Ishave attempted: to bring the fame Mé- 
thod :tovArithmetical> Calculation :; and. that 
with all the Succefs I: coi'd wifhi | For, having — 
collected all the Obfervations of Comets I cou'd, 
Thave fram'd this following Table, the refult. of 
a prodigious: deal of Calculation ; which, tho’ 
but {mall in: Bulk, will be no unacceptable Pre- 
fent:to Aftronomers: - For thefe Numbers are cae 

able of réprefenting all othat: has been yet obs 
fera about the Motiorof Cornets, by Fe help 
only of the annéx’d General Table ; in the ima 
king of! which I-fpard tio:Labour, that it might 
come forth: perfect, as: à Thing confectated to 
Fear and to làft as long as Aftronomy it 


Parabolic Orb 


An a 


The Aftronomical Elements» of the Motioks 


hat have been hitherto duely obferu'd. 


of ali the Comets. t 
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E General Table for Calewilating the Motions 


of Comets in a Parabolical Orbit, 
| Med, “Ang. a 


“Week Angul. à 
Mote | persbetive, 


so: CON) oa wo v» “Jol 5 
ca 
Lew J 


ba 
[9) 


cum Ee ERN cl 
O vo CN OX] va RO JO b of 


, "T 


1.31.40 
3° 3°15 
4-34-43 
6. 6. 

7:37* I 
9: 7.43 
10.38. 2 
I2. 7-54 
I3:37.17 
I5. 6. 7 


20.64.94 
22.20.14 
23.44.44. 
259. 8.22 
26.31. 8 
27.52.55 
29.13.47 
30.33.40 
31.52.32 
33.10.23 
34.27.12 
35.42.59 
36.57.41 
38.11.20 
39+23+54 
40.35.23 
4145-47 
42.55.06 
44» 3.20 
45.10.29 
46.16 35 
47-21. 36 


48.25.33 


49.28.27 
$0.30.19 


$1.31. 8. 


$2.30. 56 


Toren 


pro diff. 
a Sole. . 


0.000077 


0.000309 | 


0.000694 


o | 0.001231 


0.001921 
0,002759 
0.003745 
0.004876 
O.006 151 


0.007564 | 


O.O0O9IIS 
0.010798 


0.012609 | 


9.0145 $0 
01016607 
o. 0.018783 
0.021072 
94023470 
C.025969 
0.028570 
0.031263 


0.034045 
0.036916 


0.039864 


0.042892 


0.045989. 


0.049154 
0.052382 
0.055668 
0.059009 
0.062400 
0.065838 
0.069319 


| 0.072839 


0.076396 

0.079984 
0.083600 
0.087244 
0.090910 
0.094596 


- emot. 


—— 


i) 


peribelio . 


are 
"ODE 


3:29.44 
54.27.32 


| 55.24.21 


96.20.12 


57:15. 6. 


58. 9. - 
59. 2. 4. 


59.54.11 
60.45.25 


61.35.45. 


62.25.14 25.14 
63.13.52 
64. 1.40 
64.48.58 


| 95.34.80 


711716 
71.56.56 
72-35-57 
73-14-15 
73:51:59 
74.29. 6 
73.05.38 
75-41-35 
76.16.56 
76.51.43 
77:25.57 
77-5941 
78.32.54 
79- 5:35 
79-37-45 
80. 9.23 


80.40.34 
81.11.16 


. Logar. 
pro dift. 
à Sole. 
0.098 300 | 
O:102019| 


(6105752. 
"9.109490 


O-113240 
o.11699s | 


Ot 20756 


0.124518 
0.128278 
O.I 32035| 


9435792] 
0139544 
09.143291 | 
0.147029 
o. 0.150762 
0.154482 
0.158192 


0.180188 
0.183803 


0.187404] 


0.190978 
09.194540 
0.198085 
0.201614 
0.205122 
0.200612} 
0.212080 

0.215529 


The Gineral Table continued. 


vote ep tmn te 


| aed. |Anzud. à p> Legare Angul. a 
mot. |Peribelio. | pro dift. Peribelio, 
7—« | a Sole, — 


gr. 
| 102:52.41 
4193.00.31 
103.2747 
| 193:54.31 
104.20.43 
104.46.22 
[05.11.33 
| 1065.36.16 
: 106.00,32 
106.24.23 
eee 


1068.47.47 
107. 10.44 
7197-33-17 
[07.§ 5.27 
Io8.1 7.14 
——Á——— 
108.38. 37 
108.59.30 
1199.20.20 
109.49.40 
I 10.00.40 


holt T 
I 10.39.4 I 
110,58.44 
III.I 7.28 
udis 


| 94-14-49 | 0.334424 111-54:05 
94.53.30 |0-339736 II2.11.58 


95.31.22 | 0.344979 112.29.34 
| 96. 8.22 | 0.350153 112.46.55 
| 96.44.30 0.355262 I13. 4.00 
| 97.19.48 | 0.360306 113.37.25 

97.54.17 | 0.365284 I14. 9.52 
| 98.28.00 | 0.370200 | 114441.23 
| 99.90.57 | 9.375532 115.12.02 
| 99.33.11 09.379842 II$.41.$1 
A100. 4.43 | 0.384576 Iió.10.52 
[199.3545 | 0-389252 116.39. ? 
|rot. 5.48 |.0.593968 11 7-06.38 


101.3 5622 | 0.398428 
102. 4.19 0.402030 


1 17.33.27 


Y'7.4026 


4, 


- Eogar. 
pro dift, 
d Se. 


0:407380o 
9411784 
9-416132 
9-420430 
0.424676 
0.428866 
9-453012 
9-437110 
O-4411564 
paisi78 
© 449144 

1°-45 3050 
9-456936 
9460772 
9.464208 
0.468318 
0.472030 
0-475705 
9479340 
0452937 
0.486498 
0.490022 
9-493512 
0.496965 
0.500384 
0.503769 
0.50712I 
0.510441 
0.513729 
0.516984 
0.523405 
0529705 
0.535886 
0.531958 
0.537922 

| 0.593782 
0.559538 
0.565199 
0.570762 


0.47$»52^ 


The General Table continued. 


‘Angul. à 
peribelio, 


Lol 


Logar. 
pro dift. 
: gr. 7 oH a Sole. 


|118.25. $|o.581616 
118.49057|0-586912 
II9.I 4414|0-592127| 
I19.37-56/0-59725z 
120. I. 6|o-602301 


I 20.23.44 0.607274 


I21. 7.30|0-6 16998 
I21.28.39/0.621750 
121.49.210.526438 
‘1122. 9.3810.631056 
122.29.2810.635608 
I22.48.54|0.640098 
123. 7.§710-544525 
123.26.36|0.648893 
124.11.40|0.659559 
124.54.36|0.669880 
125.35.24 0.679876 
126.14.44 C.689568 
126.52.12|0.698970 
127.28. 6|0.708104 
128. 2.33[0.716976 
128.55.38|0.725606 
I29.. 7.27|0-734006 
129.38. 4 0.742186 
130. 7.34 0.750160 


131. 3.30[9-765516. 
131.30. 2|0-772918 
131.55.41/0.780148 
1 32.20.30|0-78721 


133.30.25|0-807494 
133.52,20 0.813969 
134.34+18]0.826 522 
135.14. 0]0.838600 
135.51.28jo.850187 


136.27. 6jo.861369| 


137.00.57 0.872155 


120.4§-§ 210612174] 


Med. 


| 140.42.560.946951 


|144-32-46,1.03287 


“Ang. d Logar. . 
eribelio | pro dift. 
+ n| 4 Sole. 


138.33.2110.902401 
139- 1.29)0.911866 
139.28.25/0-921012 
139-54-16,0.92990 
14019. 50.938549 


I41. 5.550.95$12 


142.49.100.992970 
I43. 7.48 0.1coooo 


144.00.18;1.020155$ 
144«16.46j1:026583| 
149.26. 8|1.158188| 
154.32.20,1.313703 


156.7. 27,1.368678| 
157.22.49,1-414974 


1 61.45.00 1.599460; 


1 52.26.15 1.246058] 
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The Conftru&ion and U, fe of E Genebal Table. 


*€ A S the Planets move in Elliptic Orbs, fo 
* £°\ do the Comets in Parabolic ones, having 
** the Sun in their common Focus, and defcribe 
** equal Areas in:equal Times. Now fince all 
** Parabola's are fimilar to one another, there- 
** fore if any determinate Part of the Area of 2 
** given Parabola, be divided into any number of 
*f Parts at liberty, there will-be'a like divifion 
made in all Parabola's under the fame Angles, 
* and the Diftances will be proportional: Con- 
** fequently this one Table of ours will ferve for 
*& all Comets.” Thus far Dr. Halley. ie 


-: But it is to be noted, that our famous Author 
doth not affert in chis Place che Trajectories of Go- 
mets to be compleatly Parabolical; but only means, 
that whereas they are indeed Elliptical, they are 
withal fo Eccentrical, that chat Part of the Orbits 
of Planets which refpects the Planetary World, 
and which we-the Inhabirants of this Earth can 
fee; doth fo little differ from the curveft Part of a 
Parabolic Line; that it; ay fafely, and without 
any fenfible Error, be affum’d to be a Parabola. 
For it was before noted, that there may be Ellipfes 
of all Species, and that. che Concentrical do at 
length degenerate into Circles, the infinitely Ec- 
centrical into Parabola’s. Nor is it therefore to 
be wonder d at, if inftead of an Ellipfis, a Figure 
of-more difficule Contemplation, and generally 
 of»;an unknown. Species , we chufe to ufe a 
Parabola, a Figure more eafy to be Conrempla- 
ted; and of one Species only ; in that Place; efpe- 
etis i 4 Ee2 Sie (b i : : cially : 
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cially where the Phenomena of Comets mark 
out tous Trajectories fcarce other than Parabolical. 
We have before fhew'd that the Proportionality 
of the Area to the Time is common to Comets 
as well as Planets; and fhall not go over the fame 
Thing again. It is alfo manifeft, that like Figures, 
as Circles and Parabola's do admit and require, 
that the like Divifions of them, or their Propor- 
tional or Correfpondent Parts fhould be exprefs’d 
by vr fame Numbers. But let our Author pro- 
ceed. 

** Now the Manner of the Calculation of this 
** Table is thus: In Fig. 5. Plate. let S be 
** the Sun, POC the Orbit of a Comet, P the 
** Perihelion, O the Place where the Comet is 
** 9o gr. diftant from the Perihelion, C any o- 
** ther Place. Draw the Right Lines C P, C S, 
** and make S T, SR, equal to C$ ; and having 
**. drawn the Right Lines C R, C T, (whereof che 
** oneisa Tangent, and the other a Perpendicu- 
.. * Jar to the Curve ) let fall CQ Perpendicular 
** to the Axis PSR. oF ISO 


It is here as it is in the Planetary. Aftro- 
nomy, where we firft enquire the Place of the 
Planet, or the Angular Diftance from the Axis of 
the Ellipfis, which we call the True Anomaly of 
the fame, together with the abfolute Diffance 
from the Sun ; Even fo here, we muft in the firft.— 
Place find out the like Angle and Diftance. But. 
it is to be noted, that according to the Nature of 
all|Parabola's, the Line SO is half the Latas 
Reéium. S P is a 4th Part of the fame Latus Reciuns, 
or half of SO ; and that a Tangent C T being. 
. drawn unto any Point C, and there being erected 
Perpendicular to the fame the Line C R, cutting 
the Axis; and there being let down from "el fame 

| oint, 
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Point C, to the Axis, the Perpendicular C Q cut- 
ting the Axisin Q; SC, S R and S T are equal 
amongít themfelves ; and the Line QR is equal 
to SO, or half the Latus Re£um. All which 
Things are well known from the Conics. But 
our Author proceeds. | 
. © Now any Area, as COPS being giv'n, it 
* is requir'd to find the Angle C S P, and the Di- . 
*. (ance CS. From the Nature of the Parabola - 
* R Q is ever =} the Parameter or Latus Recfum 
* of the Axis, and confequently if Ted j 


e^ 
La 


ter be put — 2, then R Q — r. Lec GQ—z; 
PQ fhall —izz, and the Parabolic Segment : 
* COP=i;z2zz; But the Triangle C S P will 
**, — 17, and fo the Mixtilineal Area COP S— : 
«.12!Xx12-3, whence z! x3z7--123. Where-: 
* fore refolving this Cubical Equation, z, or the. 


* Ordinate CQ will be known. pre 


€ 


e^ 


e^ 


Thus far our Author. But it is to be well ob- 
ferv'd, that we have here the Analytical way for : 
finding the Coequate Anomaly in a Parabola from 
the Mean Anomaly given, that is, from the Area . 
defcrib'd, which is’every-where Proportional to 
the Time of the Defcription. Nor can the Angie 
CST, orthe Coequate Anomaly be found di- 
realy from the Given Area or Mean Anomaly, 
without Analyfis. But thatupon the Hypothefis,. 
that the Line CQ, which is firft to be fought, - 
(for when that is fouffly the Angle CS T will ^ 
eafily be found, as will be manifeft prefencly): be 
called z, the Line P Q will be equal to zz, is eafy - 
to be demonílrated :: For as R.Q — r, is.to 
C.Q =z; fo the fame CQ =z is to QT, or | 
ZZ, the half whereof: confequentdly -Q P will be 

- equal to 5zz. But that the Parabolic Segment 
C. P, according to the fame Hypothefis, will be 
Ee5 rightly 
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rightly expref:'d by zzz, eafily follows from the 


Conics. For the Area COPS Q is to the Tri- 
angle CP Q, or C P T equal to the fame as 4 to 
33 and confequently the Parabolic Area COP is 


to CPQ as: to5; and fince the Triangle CPQ- 


made of the Perpendicular C. Q or z, drawn into 
half the Bafe izz, becomes 1zzz, the 3d Part of 
it will be zzz, equal to the Parabolic Area 
COP. The Triangle C SP alfo is made of 


the Perpendicular z, drawn into half the Bafe i» 
equal to ;z ; and confequently the Sum of the’ 


Area’s COP and .CSP, or the whole Area 


C O PS,Proportional to the Time,will be equal to 
the Sum of thefe Quantities, which is called a: or^ 
. there will arife this Equation 4 z^ ¥ 32 *——a; 


and by multiplying on both Sides by 1z,2*d4553z" 


— 124; which isa Cubic Equation, the 2d and 
4th Terms whereof are wanting. The Root there- 


fore of this Equation being found, or the Value 
of z being found in Numbers by Dr. Halley’s Me- 


thod, or otherwife, the Length of the Line CQ” 
will be known. .9. E.I. And now let us hear our 


Author himfelf. 


Dr. Halley. “© Now let the Area OPS be pro- m 


"^ pos'd to be divided into One Hundred Parts : 


** this Area is 2; of the Square of the Parameter,and 
€¢ 


«3 20,0410, 08:0, 
* ‘ceffively extra&ed, t 


^ A A | 
^ ^ 


confequently 1» a is equal to that Square — 4. - 
* If therefore the Roots of tliefe Equations z^. - 
10,16, cc. be'fuc- 
will be obtain'd fo. 
many z or Ordinates CQ refpectively, | and > 


- 


* the Area SO P" will be divided into One Hun. 


‘ culation to be continued beyond.the Place O. 


dred equg! Parts. And in like manner is the Cal--- 


*- Now the Root of this Equation: ( fince R Q iss 


‘ser i the! fabular Vangent of the Angle 


5 CRQ, orof jtlie Angle CSP, wherefore " 
| SEM. 


wl 
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*-Angle C SP. is given. And R C, the Secant 
“ of the fame Angle CR Q, is a mean Prcpor- 
“tional between R Q, or Unity and RT, which 
** is the double of S C, as is plain from the Co- 
* nics. But if SP be put =1, and fo'the Larus ^ 
* ReHum — 4 (as in our Table) then R T will 
* be the Diftance fought, viz. the double of SC 
~ in the former Parabola. | After this manner 
. * therefore, I composd the foregoing Table, 
* which ferves. to. reprefent the Motions of all 
* our Comets ; of which hitherto there has been 
* none obferved, but thofe that come within 
* ehe Laws of- the Parabola.’ m i 


Now that the Area OPS. is a twelfth 
Part of the Square of the Latus Rectum, it is ma- 
nifeft: Becaufe, according to the Conics, the 
Area OPS is 2 of the Re&angle of OS, mul- 
tiplied by SP ; chat is, of the Rectangle of half 
the Latus Re&um, multiplied by a 4th Part of the 
fame. Foràxij- i. But any Numbers, as 4. 8. 
12.16. If they be put in the 2d Place of Deci- 
mals, as here is done, will rightly exprefs 1ooth 
Parts. And we are therefore content wich a Right 
Angle as the principal Guide of Computation, 
becaufe we want an entire Period in Parabola's. 
But becanfe of the equal Angles S C, SR; the 
external Angle of the Ifofccles Triangle CR S’ 
will be equal to the double Angle CR S. And 
there being giv'n conféquently by the Tables of 
Tangents the Angle CRQ, the Double thercof, 
or the Angle C S T ; that is, the Coequate Ano-- 
maly of the Comet is found: ^ In like manner, the 
Angle CS T. being now giv'n, if you make by ^ 
the Golden Rule: As R Q — r is to the Secant 
of that Angle to be taken out of the fame Ta- 

Ee24 bles ; 
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bles; fo. thac Secant is ‘to the 3d Propórtiónal 
R T ; The half hereof R S is equal to SC, orto | 
the Diftance of the Comet from the Sun. 9. E.T. 


| Nov. 29. 1708. 
$0000000000001 990004000000 
iiie! Bei M ee hes 


AY $77 Halley.  * It. now. remains, that we 
C FN “ give the Rules for the Calculation, 
ve Dr. * co fhéew the way of determining the 
JS '* Vifible Place of a Comet, by thefe 
i " Numbers. Tbe Velocity of a Comet: 
“moving in a Parabola, 5 every-ohere to tbe Velez 
** city of a. Planet deferibing a Circle about the Sun, ar 
"^ the'fame Diffance: from the Sun, as V2 to 1. as 
appears from Cor. 7.) Prop. 16. . Lib. 1. of the’ 
“Princip. Phil. Nat. Math. 1f therefore à Comet 
in its Perihelion’ were fupposd to be as far dix: 
"* ftant from the Sun as the Earth is, then’ the’ 
“ Diurnal Area which the Comet wou'd deferibe; 
** woud be to the Diurnal Area of the Earth, as’ 
* 42tor. And confequently, the Time of the: 
** Annual Revolution, is to che Time in which: ; 
** fuch a Comet wou'd defcribe the Quadrant of: 
* its Orbit from the Perihélium, as2: 14159, ec. 
“ Cthat is the Area of the Circle) to V 8$. ^-^ 


That the Velocity in a Parabola-i$ to’ the: 
Velocity. at the fame Diftance. in. a Circle ; 
| as (2 is. to r, oras ro to 7 almoft, was de-: 
monftrated in Prop. XXII. foregoing ; or rather 

| T deduced 
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deduced as ic were 2 Corollary, from the Na- 
ture of Circular and Parabolic Curvity, and the 
Proportion of the Subtenfes of the Angle of Con- 
tact. . But the Annual Time in an Elliptic Circle, 
or the Time of an Entire Revolution, reprefented 
by the whole Area of a Circle, which is to be 
eftimated from the Multiplication of half the Cir- 
cumference by the Radius; will be to the Time 
of the Defcription of a Quadrantal Arch in a Pa- 
rabola, which is to be reprefented by a Quadrantal 
Arca: of. the Pavabola, to be effimated from.tbe Multia 
plication of 3 of half tbe Latus Rectum, by a quar- 
ter of the’ fame Latus or Radius; as the Area's 
themfíelves; or as the Heighths of che Rectangles 
to the Common Bafe ; only fo far.as the Velocity: 
6f Defcription in a Parabola doth difturb and di- 
minifh chat Proportion of the Times, in the Pro- 
. portion of x to V 2; and.therefore initead of 3, 

let V $ be taken: and let the Numerator, be dou- 
bled; becaufe of the Square Number two, the.dou- 
ble of Unity: ;:that is, for the Circle, let. the Area 
of it 2,141, $9; be taken; for the Parabola. v3. 
‘And thus the Truth of our Author's Reafoning 


will eafily be uüderftood. ...... 


Dr.Halley. *"Thereforeithe Comet wou'd defcribe 

** that Quadrant in 159 Days; 14 Hours, 46.Mi- 
** nutes ;- and fo the Parabolic Area (analogous 
* tothe Area P O S) being divided -into..One 
*¢ Hundred Parts, to each Day there wou'd be.al- 
*€ lotted 0.912.280 of thofe ‘Parts, the Log. of — 
* which, «iz.:9.960128; is to be kept for. con- 
© tinual ufe. But then the Times in which Co- 
** mets, ata greater or lefs Diftance, wou'd de- 
* fcribe fimilar Quadrants, are as the Times of 
* the Revolutions in Circles, that is, in the Sef- 
* quiplicate Ratio of the Diftances; Whence the 
Pos Ef Diur- 
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*€ Diurnal Areas eftimated in Centefimal Parts of 
** che Quadrant ( which Parts we put for Mea- 
“ fures of the mean Motion, like Degrees ) are 
* in each, in the Subfefquialtera proportion of 
: the Diftance from the Sun in the Perihe- 
** lion. 

Mr. Whiffos. "The Mean Diurnal Motion, to 


e^ 


wit, 0, 912, 280, to be exprefs'd by a Negative © 


Logarithm after the Old Manner— 0,039,872, is 
in this Place exprefs'd in a New Way by a Pofitive: 
One 9,960, 128, to avoid the Difficulty about the 
Negative Characteriftic ; but is prefently made 
equivalent to the wonted Form, by cafting away: 
Ten in the Addition when occafion fhall require.: 
But our Author obferves here rightly, that in dis: 
vers Parabola's, a Quadrant is always reckon'd of: 
the fame Number of Parts, I mean an Hundred; 
in fuch Sort neverthelefs, that thofe Parts be in- 
deed unequal, and according to the Magnitude of 
the Parabola greater or lefs, but not in that Pros! 
portion greater or lefs, in which the Diftances: 
increafe or decreafe from the Sun, but in the Sub-» 
fefquialteral Proportion of the fame: So that the’ 
Squares of the Diftances be betwixt themfelves,. 
as the Cubes of thefe Parts reciprocally. . 
Dr. Halley, “ Thefe néceffary Things premis’d,’ 
** let it be propos'd to compute the apparent Place 
** of any one of the foremention'd: Comets fora" 


" 


“ ny given Time. Therefore, 


[^ x. Let tbe Sun’s Place be bad, and tbe Log. of its 


Dijftance from the Eartb, — t.« .alu 
2. Let the difference between the Time of the Peri 
belion and the Time given be potten, in Days and Deci- 


mat Partt of Days. To the Logs of this Number, let 


there 


b. 


i 
Y 
i 
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there be added the conftant Log. 9.960.128, and the 
Complement Arithmetical of three halves of the Log: of 
the Perthelion Diftance of the Comet from the Sun : The. 
Sum will be the Log. of the mean Motion, to be fought 
in the firft Column of the general Table, . 


3. With the mean Motion let there be taken the cor- 
— vefpondent Angle from the Perihelion in the Table, and 
the Log. for the Diftance from the Sun: Then in Co- 
mets that are Direct, add, and in Retrograde ones’ 
fabtratt ; if the Time be after the Perihelion, the An-- 
_ gle thas found, to or from the Perihelion: or in Dire& 
Comets, fubftratt ; and cin Retrograde ones add ; if the 
Time be before the Perihelion, the .fore[aid Angle to or 
from the Place of tbe Perihelion ; and fo we {hall have — 
the Place of the Comet in its Orbit... And to the Log. 
for the Diftance found, let there be added the Log. of the’ 
Diftance atthe Perihelion, and the Sum will be the Log, : 
of the true Diftance of the Comet from the Sun, | 


4- The Place of the Node, together with the Place of 
tbe Comet.in its Orbit, being given, let the Diffance of 
the Comet from the Node be found ; then the Inclination 
-ef the Plane being given, there will be given alfo (from 
the common Rules of Trigonometry) the Comet' s Place re- 
duced to the Ecliptic, the Inclination or Heliocentric La-. 
titude, and the Log. of the Curt Diftance. is 


2o 0$. From thefe things given ( by tbe very fame Rules 
that we find tbe Planet's Places , from the Sun’s Place 
4nd Diflance: given) we may obtain the Apparent or 
Geocentric Place of the Comet, together with the Appa- ^ 
rent Latitude, And this it may be worth while to il 
luftrate by an Example or two.” | at 


3o 28 d 
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As to the Place of the Sun, and the Diftance 


thereof from the Earth,‘ we have elfewhere 
taught how: to find both by Aftronomical 


Calculation. But the Logarithms of the Di- 


ftances, we through fome neglect, omitted in that 
Place ; and therefore fhall add them in the End 
of this Work. :: But the Logarithm of Days is 
therefore added to the Given Logarithm of one. 
. Day, that the Motion of one Day may be un- 

derftood to be multiplied by che Number of Days: 


For it is known, that the Addition of Logarithms | 


doth infer the. Multiplication of Numbers corre- 
{ponding to thofe Logarithms. ^ ^ 


And thefe Things may fuffice, if fo be the'Co- : 
met be fuppos'd to pafs in its Perihelion at a Di- - 
ftance equal to. a. Radius of the great Orb... But 


if, which commonly is the Cafe, the Comet:doth 
not país at that Diftance, but at a greater, .as it is 
fometimes ; or ata lefs, as oftner happens; that 
Area, proportional to the ‘Time; is to be increasd 
or diminifh'd ; -and this in: the^ Sub-fefquialteral 
Proportion of that leaft Diftance from the.Sun ; 
fo that at length that Area may rightly. repre- 
fent che Mean Anomaly. From whence:the Lo- 
. garithm of that \Sefqui-plicate: Diftance. is to be 


added to the former Sum of the Logarithms, and . 


the Radius to be fubftra&ed according to the 
Exigence of the. Golden Rule; to be pra&is'd in 


Logarithms ; or which is the fame, the Arithme- | 
tical Complement only of.that Sefqui- akeral Lo- . 
garithm is to be added. Neither ought it to feem: 


ftrange, that in leffer Diftances we, by adding 
the Logarithm, obtain the true. Proportion in-. 
creasd, and the fame in greater Diftances dimi- 


nifh'd ; For Multiplication by a Fra&ion, or De- - 


cimal 


1 


Hi 
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cimal Parts, doth no lefs diminifh che Sum, than 
Multiplication by whole Numbers doth increafe . 
it. Andthe Thing isthe fame in Logarithmeti- 


cal Addition. But we are to obferve, that the 
Logarithms marked in the 3d Column of the Ge- 
neral Table, are not the Logarithms of the Num- 
bers of the Diftances from the Sun, to be added 
. over and above the Radius to the Mean Diftance ; 
but of Numbers, by the Multiplication of which, 
that true Diftance were to be obtained. From 
whence the-Logarithms of the fame being fuper- 
added to one another, will eafily give us the Lo- | 
garithm of that whole Diftance from the Sun. 
Thefe Things being well underftood, . we fhall be 
able to undertake and perform the. Calcula- 
tion. | | 


EXAM- 
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ExAMPLE L 
Let it be requir d to find the Place of the Comet f tbe 


Year 1663, March. 1^, 7^, 00’, P. M. London. 
That #, 964, 19h, 8' offer the heres which 


bappen d Novemb. 24°, "COR D ME 
Log. Dift. Perihel. 0. orro44 . 


Log. Sefquialt. 9. 016566 . 
Comp. Arith.  . .9:983434. - 

4 / 9. 960128 
Log. ‘Temp. |o 985862. 
Log. Med. Mot. 1.929424 
Medius Motus ^ — 85.001 j 
Perihel. & . IO. 4I. 25 
Ang. Correfp. 83.28. 0£ —- 


Comet in Orb. 8. 17. 3.20. 
Afcend. Nod. m 21.14.00 


Com. à Nodo 34. IO. 40 
Red. ad Eclip. D OII TUUM 
Com. Helioc. 5 18. $4. 55 
Incl. Bor. - II. 46. $0 
Log. pro dift. 9. 255369 
Log. Perihel. O. OIIOA44. 
Co-fin. Incl. — 9. 990754 
Log. dift. Cur O. 267167 
Log. dift. O 9. 997918 


CR ae SUE UA, Ia. 
Com. Vifüs — Y 29. 18. a 
Lat. Vifa (Bor.) 8. 26. 1$ 


Ex A M- 


Aftronvmy of COMETS. — Ag 


| EXAMPLE bia’ 


Lat it be requir'd to find the Place of the Comet of ‘the 
Year 1683, July 23°, 135, 15, P. M. London : 
Or, 13h, 4o! Equat. Time. That #, 21, 10%, 50" 
ufter the Peribelion. | 


Log. Dift. Perihel. | 9. 748343 
Log. Sefquialt. 9. 622514 
Comp. Arith. o. 377486 
9. 960128 
Log. Temp. Yi. 410722. 
Log. Med. Mo. r6 8337 
Medius Motus 44. 498 
 Perihel. 1r 25. 29. 30 : 
Ang. Correfp. $6. 47. 207 
Comet. in Orb. Y 28. 42. 10 
Nod. Defcend. x 23. 23. 09 
Com. à Nodo 2$: 19. 10 
Red. ad Eclip. . 4. 48. 30 
Com. Helioc. X 28: 11.539 
Incl. Bor. 4$. 2. OO 
Log. pro dift. O. 111336 
Log. Perihel. 9. 748343 
Co-fin. Incl. 9. 912187 
Log. dift. Curt. 9. 772866 
Log. dift. © O. 906104, 
© Locus & IO. AI. 24 
Com. Vifus & $. II. fo 
Lat. Bor. 28. $2. 00 


But 


L4 
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But now, that we may rightly perform this 
Calculation ; It is to be noted, 

(x.). That the Logarithm of the leaft, or perihe- 
lion Diftance, is only fet down here, that we may 
obtain the other Logarithm, which is Sefqui- 
alteral of the fame, or is thereto as.3 to 2. 

(2.) That the Arithmetical Complement of this 
laft Logarithm being added to the Conftant Loga- 
rithm of one Day, doth make the Logarithm of che 
whole Time before or after the Perihelion. For 
working by Logarithms, the Numbers in the for- 
mer of the Examples will be thus. The Loga- 
rithm of one Day is 9,960, 128 ; and the'Loga- 
rithm of Days is 1,984,862. Thefe alone being 
added together, would make the Logarithm of 
. the Mean Motion, if the Perihelion Di- 
ftance were equal to Unity, or the Radius of the 
great Orb : But when the Area of that Mean 
Motion is to be increas'd in the Proportion of that 
Sefquialteral Perihelion Diftance to che Radius of 
the Annual Orbit, that Sefquialteral Logarithm 
0,016,566, is to be added to the former Loga- 
rithm ; and the Logarithm of the Number ro is 
to be fubftracted ; or, which comes to the fame, 
the Arithmetical Complement of the Sefqui-alte- 
ral Logarithm is only to be added : which is done 
in this Place. Now the Mean Motion will eafily 
be known, when the Logarithm of the fame is 


iven. 
(3.) The Mean Motion, or Mean Anomaly, 
being now given, the Angle Correfponding 
thereto in the General Table, is 83°. 38’. 4^. (the 
intermediate proportional Parts being everys- 
where found, where there is Occafion, by the Gol-- 
den Rule.) Which being deducted from the Place: 
of the Perihelion in Leo ro* 4r. 25", becaufe 
of the Retrograde Motion of che Comet giveth 
| us 
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us the Place of che Comet in its, own Orb, 17° 
3'. 20", in Taurus. D ei^ 
(42) Subftra& this Place from the Place of the 
defcending Node in Gemini ; the Remainder will 
be the Diftance of the Comet from the Node, 
22 ro: 40% | dri dro 
-(s.) And now that we may reduce the Place 
of the Comet in its own Orb to the Ecliptic, we 
muft refolve a Rectangular Spherical Triangle, 
and from the Given Angle and the Hypotenufe, 
muft find the other Sides. And for Reduction to 
the Ecliptic, for the Heliocentrical Longitude, 
the following Analogy will fuffice. : 


10,000,000 . 


2A s Radils c7 :— 
isto Cofin.of the Ang. 21° 18". 30.--9.969.248 .. 
So is Tangent, —— 34.10. 40. — 9.831.990 | 


- 9. 801. 1262: 
; : 32°. 19/45" 
. Then for the Inclination, or Heliocentrical 
Latitude, | at 
— As Radius, 


To lapgent, ——— e —— 


IO.000.000 | 


To Sn. due! qalvroSs Adis eric 749.745 
So is Sine ofQ».^^.: | 6 

the givin Ang, $27 19 39 Ter 2$ 9. 309 
E dco dada peii Mika f 9. 309. 92275 


Ang. fought 
11". 46. 44. 


(6). For obtaining the Logarithm of the true 
Diftance of the Comet from the Sun, we muft 
add the Logarithm for the Diftance from the’ 
Sun, which in the General Table belongs to the 
Mean Motion, to the Logarithm of the leaft or 
perihelium Diftance; that is, 0.255. 369, tQ 
0. O11. 044. Which make 0.266,413.And chen lay, 
As Radius ————  —— 10.000. 009 

To Dif. from Sun —- 9.266. 413 

Pick | $9 
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- So is Co-fin of Inclin. — 9. 990. 754. 
To Curt. Dift. — o0. 297. 167 


Or, which comes to the fame ; the three Loga- 


rithms are to be added, and the Logarithm of 
the Radius to bé caft away ; as is done in our 
Examples. 

(7.) For obtaining the Geo-centrical Longi- 
tude of the Comet, or the vifible Place in che B- - 
cliptic, do thus, Subftra& the Helio-centrical 
Longitude 1°. 18". 54 55" out of the true Place 
of. the Sun in the Ecliptic r1* 21*. 44". a5": 
there will Remain the Angle of Commutation 
10* 2°. 49'. $0"; the Complement whereof unto 
a Circle is 15. 27°. TO’. 10" » or 57". 10. 10". The, 
half hereof is 28°. 35’. 5". From whence fay, 


As dift. of the Earth — 9.997.918 
"To Curt. Dift.of theCom.10.257.167 
$0 is Radius ——~--—~ 10.000.000 
To Tangent - —— 10.259.249 = 61.10. 3" 


Now 45 Deg. being n swoy there refts-16. 10.3. 
Therefore, i 

As Radius ————- 10.000.000 

To "Tang. I6. 10.4. —— 9.462.265 

So is Tang. of Semi- Sum.-- 9.736.294 —28*.35'.4 

To Tang. of Semi-differ.— 9.198. $$9 = 8.58.36. . 


" Which Half-difference being taken away out 
of the Half-Sum,there remains 197.26. 29"; that — 


is, the Parallax of the Orb. But the Parallax be- — 


ing in this Cafe fubftra&ed from the Heliocen- 
trical Place of che Comet, the Geocentrical Place 
of. the fame is ¥. 29. 18°. 26. Something more 
exactly, as I fuppofe, than our Author’ s Calcula- 
tion hath it. 

‘But if the Curtated Diftanée of the Comet. from 
the Sun be lefs than the Diftance of the Earth from 
the Sun,asic is in the other Example, we muft work 

ERE in 
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n the Calculation, as is done for the Inferior Pla- 
nets, (like as we have Calculated here, as we do 
for the Supetior.) . And’ the. Half-difference of 
the Angles; which in chac Cafe will reprefenc che 
Elongation from che Sun, is to be added to. the 
Longitude of the Sun in the Ecliptic, or fub- 
ftracted from the fame, for obtainitig the Geo- 
centrical Place of che Comet. de 
(8.) For determining the Geocentrical Lati- 
tude of the Comet, we are co Work thus; ( the 
Angle of.Elongation being made up of the Ag- 
gregate of the Half-Sums.) ~ nds a 
As Sin. of Ang. of Commut. 2719.16. 9.924.425 
Is to Sin. of Ang. of Elong..37.33.41. 9.789.053 
So.is Tang. of Inclinatiori-- 11.46.44. 9.319.168 
To Tang. of Latitude ——«4(8.36.09.) 9.179.491 


** At the Inftant of Time fpecified in the firft 
Example, “twas obferv'd (at London) that che 
Comet. applied to the! fecond Star of Aries ; fo 
that it was found to be 9' more Northerly, 
and 5' to the Eaft, according to Dr. Hook’s Ob- 
fervation. But at that of the fecond Example, 
I my felf ( near London, with the fame Inftru- 
ments whereby I formerly obferv’d the Southern 
Conftellations) found the Place of the Comet 
to be 9», 5°, 112, and 28°, 52’ North Laticude, 
which agreed exaély with the Obfervation | 
| made at Greenwich, almoft at the very fame Mo- 
ment. 1 doni 
** As for the Comet of the Year 1680, which 
came almoft to the very Sun it felf (being in its 
Perihelion, not above one third of the Semidia- 
* ^ meter of che Sun diftant from the Surface of it,) 
** fince the Latus Rectum of its Orb is fo very fmall, 
. * it could hardly be penc within the Limits 
x 
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of the General Table, becaufe of the exceflive 
Velocity of the Mean Motion. Wherefore in 


this Comet, the beft way will be (after the 
‘Mean Motion is found) to get from thence (by 


** the help of the foregoing Equation z3 + iE 
*of the Mean Motion). the Tangent of half the 


Angle from the Perihelion, together with the 


_ Log. for the Diftance from the Sun. Which be- 
. ing found, we are to proceed by the fame Rules, 


** as in the reft. . 


~€ After chis manner therefore, the Aftronomi-- 
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cal Reader may examine thefe Numbers, which 


_I have calculated with all imaginable Care, from 


the Obfervations I could meet ‘with. And I 


‘have not thought fit to make them publick be- 


fore:they. have been-by my felf duly examin d, 


** and made as accurate as twas poffible, not with: 


out the Labour of many Years. [have publifh'd 
this Specimen of “Cometical Aftronomy, as a 


Prodromus of a future Work Ihave in defign, 


left; happening to be prevented by Death, 
thefe Papers might chance to be loft, which e- 
very Man would not be capable to retrieve, by 
reafon of the great Difficulty of the Calculation. 
“© Now it may not beamifs to put the Reader 


* ig mind, that our five firft Comets, (the third 


‘and fourth obfetv’d' by Peter Apian, the fifth by — — 
Paulus Fabricius):as alfo the centh, feen by Maf- — — 
lin; it T miftake not, in the Year 1596, are not. 
fo-certàin às thee reft; for the Obfervations 


"were made neither with fufficient. Inftru- 


"iiéhts; nor due Care, and upon that account are 
 difagreeing ‘with themfeives, and can by no 


“imeans be reconcil'd with a regular £omputus. 
Jphe»Comiet which appear'd in the Year 1684, 
was ‘only taken notice sof by Blanchinus, who 


Gbfárvéd it at Rome: “And the laft, which ap- 
ir EN - 


Lad 
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pear'd in the Year 1698,’ was feen only by the 
* Parifian Obfervers, who determin’d ics Courfe 

after a very uncommon manner. This Comet 

was a very obfcure one, and altho it mov’d 
 fwift, and came near enough to our Earth; yet 
we, who are wont not to be incurious in thefe 

Matters, faw nothing of it. For want of Ob- 

fervations, I have alfo left out of the foregoing 

Catalogue, thofe two remarkable Comets which 

have appear'd in this our Age, one in Novem- 
ber in the Year 1689, the other in February) in 
the Year 1702. For they directing cheir Cour- 
fes towards the Southern Parts of the World, 
and being fcarce confpicuous any where in 
—. Europe, met with no Obfervers proper for the 
purpofe.' But if any one fhall bring from India, 
or the Southern Parts, an accurate Series of Ob- 
fervations, I will willingly fall to work again, 
and undergo the Fatigue of reprefenting their 
© Orbits in Numbers, as I have done the reft. — 

** By comparing together the Elements of the 
Motions of thefe Comets, ’tis apparent, their 
Orbits are difpos’d in no manner of Order; nor 
can they, as che Planers are, be comprehended 
within a Zodiac; moving indifferently every 
way, as well retrograde as dire& ; from whence 
itis clear, they are not carry'd about or mov'd 
| in a Vortical Syftem. Moreover, the Diftances 
n their Perihelia are fometimes greater, fume- 

times lefs; which makes me fufpec&, chere may 
bea far greater Number of them, which may | 
move in Regions more remote. from the Sun, 
and being therefore very obfcure; and wanting 

Tails, may pafs by usunfeen. ^ E 
. Hitherto I have confider'd the Orbits of Co- 
** mets as exactly Parabolic; upon which Suppo- 
** fition it wou'd follow, that Comets being im- 
** pell'd towards the Sun by a Centripetal Force, 

i Ef3 ** would 
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would defcend as from Spaces infinitely diftant, 
and by their fo falling acquire fuch a Velocity, 
as that they may again fly off into the remoreft 
Parts of the Univerfe, moving upwards with a 
perpetual Tendency, fo as never to return again 
to the Sun. But fince they appear frequently 
enough, and fince none of them can be found 
to move wich an Hyperbolic Motion, or a Mo- 
tion fwifter than what a Comet might acquire 
by its Gravity to the Sun, "tis highly probable 
they rather move in very Eccentric Elliptic Or- 
bits, and make their Returns after long Periods 


* of Time: For fotheir Number will be determi- 
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nate, and, perhaps, not fo very great. Befides, 
the Space between the Sun and che Fix'd Stars i$ 
fo immenfe, that there is room enough for a 
Comet to revolve, tho’ the Period of its Revo- 
lution be vaftly long. Now, the Latus Rectum of 
an Ellipfis, is to the Latus Rectum of a Parabola, 
which has the fame Diftance in its Perihelium; 
as che Diftance in the Aphelium in the Ellipfis, 
is to the whole Axis of the Ellipfis. And the Ve-. 
locities are in a Subduplicate Ratio of the fame? 
Wherefore in very Excentric Orbits che Ratio 


comes very near toa Ratio of Equality ; and the 


very fmall difference which happens on account 
of the greater Velocity in the Parabola, is eafily 


^ compenfated in determining the Situation of the 
^. Orbit. The principal Ufe therefore of this Table — 


of the Elements of their Motions,and that which 
indeed induced me to conftru& it, is, that when- 
ever a new Comet fhall appear, we may be a- 
ble to know, by comparing together the Ele- 
ments, whether it be any of thofe which has 


- üppear'd before, and confequently to deter- 


mine its Period, and the Axis of its Orbit, 
and to foretel its Return. And, indeed. there 
are many things which make me believe that 
f tee OM 5s va LS rie AC rut ET * € € . 
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the Comet which Apian obíerv'd in the Year 
.x531, was che fame with that which Kepler and 


Longomontanus more accurately defcrib'd in the 
Year 1607 ; and which I my felf have feen re- 


-turn, and obferv'd in the Year 1682. All the 


Elements agree, and nothing feems to con- 
tradi& this my Opinion, befides the Inequality 
of the Periodic Revolutions. Which Inequality 
is not fo great neither, as that it may not be 


* owing to Phyfical Caufes. For the Motion of 


Saturn is fo difturbed by the reft of the Planets, 
efpecially ‘fupiter, that the Periodic Time of 
that Planet is uncertain for fome whole Days to» 
gether. How much more therefore will a Co- 
met be fubje& to fuch like Errors, which rifes 
almoft four times higher than Saturn, and whofe 
Velocity, tho increafed but a very little, would. 
be fufficient to change its Orbit, from an Ellip- 
tical co a Parabolical one. And I am the more 
confirmed in my Opinion of its being the fame ; 
for that in che Year 1456, in the Summer-time, 
a Comet was feen paffing Retrograde between 


-the Earth and the Sun, much after the fame 
manner; Which tho’ nobody made Obfervations 
' upon it, yet from its Period and che manner of 


its Tranfit, I cannot think different from thofe | 


; I have juft now mention'd. And fince looking 


over the Hiftories of Comets I find, at an equal 
Interval of Time, a Comet to have been feen 3- 
bout Eafer in the Year 1305, which is another 


‘double Period of 15x Years before the former ; 


Hence I think I may venture co foretel, that it 
will return again in the Year 1758. And, if it 
fhould then fo return, we fhall have no reafon to 
doubt ‘but the reft may return alfo: Therefore 
Aftronomers have alarge Field wherein to exer- 
cife themfelves for many Ages, before they will 
be able to know, the Number of thefe many and 
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“ great Bodies revolving about the common Cen- 
€ 3 


cer of the Sun, and to reduce their Motions to 
certain Rules. I thought indeed that the Comet 


which appear'd in the Year 1522, might be'the - 


fame with that obferv'd by Heveliz in the Year 
1661. But Apian’s Obfervations, which are the 
only ones we have concerning the firft of thefe 
Comets, are too rude and inaccurate for any 
thing of certainty to be drawn from them, in fo 
nice a matter. But as far as probability from the 
equality of Periods, and fimilar appearance of 
Comets, may be urged as an argument, the late 
wondrous Comet of 1689, feems to have been the 


"fame, which was feen in the Time of our King 


Henry Y. Anno 1106,which began to appear in the 


* WWeff about the middle of February, and continu- 


ed for many Days after, with fuch a Tail as was 


' feen in that of 1682. And again in the Cor- 


{ulate of Lampadius and Oreffes, about the Year 
of Chrift 531, fuch another Comet appeared 


in the Wef, of which Malela, perhaps an Eye- — 


witnefs, relates chat ic was ugac X) qeCeese, a great 
and fearful Star ; that it appeared in the Weft, and 
emitted upwards from it a long white Beam ; 
and was feen for 20 Days. It were to be wifh'd 
the Hiftorian had told us wKat Time of the Year 
it was feen ; but "tis however plain, that the 
Interval between this and that of 1106, is near- 
ly equal to that between rro6 and 1689, viz. 
about $75 Years. And if we reckon backward 


" 


füch another Period, we fhall come to the 


44th Year before Chrif, in which Fulins Cafar 
was murder’d, and in which there appear’d a 
very remarkable Comet, mentioned by almoft 


all the Hiftorians of chofe Times, and by Pliny 


in his Natural Hiftory, Jib; 11: c. 24. who recites 


the Words of Zuguffus Ce[av on this Occafion, 


which lead us to the very Tite of - its Appear- 
: atis e anes, 


^ 
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ance, and its Situation in the Heavens. . Thefe 
Words being very much to our purpofe, it may : 
not be amifs to recite chem. In ip/is Ludorum me- 
orum diebus, [ydus crinitum per feptem dies, in regione 


* Celi que fub Septentrionibus,efr confpettum, Id oricba- 
tur circa undecimam boram diei, clarumq; C omnibus 


terris confpicuum fuit. Now thefe Ludi were de- 
dicated Veneri genetrici, (for from Venus the Ce~ 
[ars would be thought to be defcended,) and be- 
gan with the Birth- day of Augu/tus, viz. Sept.23. 
(as may be colle&ed from a Fragment of an 
Old Roman Calendar extant in Gruter, pag.135.) 
and continued for 7 Days,during which the Co- 
met appeared. Nor are we to fuppofe that it was 


* feen only thofe 7 Days, but poflibly both before 


and after. Nor are we to interpret the Words 
fub Septentrionibus, as if the Comet had appear'd 
in the North, but that it was feen under the Sep- 


* tem triones, or brighter Stars of Urfa major; And 


as to its rifing Hora undecima diei, it can no ways 
be underftood, unlefs the word diei be left our, 
as it is by Suetonius ; for it muft have been very 
far from: the Sun, either to rife at Five in the 
Afternoon, orat Eleven at Night ; in which 
Cafes it muft have appeared for a long time, and 
its Tail have been fo little remarkable, thac 
it could by no means be call'd, Clarum c om- 
nibus Terris confpicuum Sydus. But fuppofing this 
Comet to have traced the fame Path with that 
of the Year 1680, the afcending part of the Orb 
will éxa&ly reprefent, all that Avguftus hath {aid 
concerning it; and is yet an additional Argu- 
ment to that drawn from the Equality of the 
Period. ©Thus 'tis not improbable but this Co- 
met may have four times vifited us at Intervals 
of about 575 Years: Whence the Traníverfe 
Diameter of its Elliptic Orb will be found 
4^ $75X573 times greater than the annual Orb j 
^re Or 
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0f158 times greater than the mean Diftancé 


of the Sun ; which Diftance, tho’ immenfely 
great, bears no proportion to that of the Fix'd 
Stars. ! 


** I have lately found out a ready Method to 


cortipute che Motion of Comets in thefe Ellip- 
tic Orbs, of which perhaps fhortly we may ex- 


hibit a Specimen, giving this Comet for an Ex-- 


ample. Inthe mean time, thofe that defire to 
know how to conftru& Geometrically the Orb 
of a Comet, by three accurate Obfervations gi- 
ven, may find it at the End of the 3d Book of 


Sir Ifaae Newton’s Principles of Natural Philofo- . ] 
phy, .entituled De S) ffemate Mundi, inthe Words | 


of its renowned Inventor. W hich have fince been 
more fully explain'd by my very worthy Col- 
legue Dr. Greg-ry, in his learned Work of Ajfro- 


 momia Phyfica & Geometrica. 
* One thing more perhaps it may not be um- ——— 
proper or unplcafant to advertife the Aftrono- 


mical Reader; That fome of thefe Comets have 


their Nodes fo very near the Annual Orb of the 


Earth, chat if ic fhall fo happen, that the Earth 
be found in the Parts of her Orb next the Nodé 


of fuch a Comet, whilft the Comet paffes by ; 


as the apparent Motion of the Comet will be 
incredibly fwift, fo its Parallax will become 


very fenfible ; and the proportion thereof to. 
that of the Sun will be given. Wherefore fuch © 


Tranfits of Comets do afford us the very beft 
means, tho’ they feldom happen, to determine 
the Diftance of the Sunand Earth: Which hi- 


therto has only been attempted by Mars in his — 
Oppofition to the Sun; or elfe Venus in Peri- — 


geo, whofe Parallaxes, tho’ triple to that of the 


Sun, are fcarce any ways to be perceived by - 
our Inftruments ; whence we are ftill in great. 


Uncertainty in that Affair. This Ufe of Comets 
: | Was 
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‘was the ingeniousThought of that excellent Ge- 
ometrician Mr. Nicolas Fatio. Now the Comet 
‘of 1472, had a Parallax above twenty Times 
greater'than the Sun's. And if the Comet of 
1618, had come down, about the middle of Adarch, 
to his defcending Node; or if that of 1684, 
** had arriv'd a little fooner at its. afcending Node, 
* they would have been yet much nearer the 
'* Earth, and confequently have had more notable 
** Parallaxes. But hitherto none has threaten'd the 
** Earth with a nearer Appulfe, than that of 1680. 
A For by Calculation I find, that Nowemb. 11°, 1h, 
* 6', P. M. that Comet was not above the Semi- 
diameter of the Sun to the Northwards of the 
. Way cf the Earth. At which time, had thé 
* Earth been there, the Comet would have had 
a Parallax equal to that of the Moon, as I 
take it, This is fpoken to Aftronomers: But 
what might be the Confequences of fo near 
. an Appulfe ; or of a Conta&, or, laftly, of a 
** Shock of the Celeftial Bodies, (which is by no 
means impoffible to come to pafs,) I leave to 
be difcufsd by the Studious of Phyfical Mat- 
* fers. | | 
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